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EDITOR’S OUTLOOK 


Judging from the Baltimore Meeting, a close correlation of high-school 
and college chemistry is imminent. A few teachers seem to be still in 


doubt as to the wisdom of the plan, but these teachers are largely those 
who have not had an opportunity to attend regularly the recent semi- 
annual meetings of the Division of Chemical Education of the A. C. S., 
and see the cordial codperative determination on the part of a large 
majority of both high-school and college men to have this correlation proj- 
ect brought to a successful issue. j 





Vox. 2, No. 5 THE MopERN TREND IN COLLOID CHEMISTRY 





THE MODERN TREND IN COLLOID CHEMISTRY 
ARTHUR W. THOMAS, DEPARTMENT OF CHEMISTRY, COLUMBIA UNIVERSITY, 
New York City 

Colloids, first classified and named by Thomas Graham (1861), have 
for a long time been considered as a separate and distinct kind of matter, 
due in part. to a misinterpretation of Graham’s definition of them. The 
present trend in the field of colloid chemistry is to regard colloids as chemi- 
cal individuals or aggregates which react chemically rather than mystically, 
and in solution may be amenable to the laws governing the conduct of the 
other state of matter, named “‘crystalloidal” by Graham for the purpose of 
distinction. 

Before discussing the modern trend in 
colloid chemistry, it would perhaps be 
helpful to review very briefly the older 
conception of colloids and colloidal solu- 
tions. 

Since an irregular translatory and 
rotational movement (Brownian Move- 
ment) was seen in suspensions of particles 
less than 4 microns (lu = 0.001 milli- 
meter) in diameter, and due to the fact 
that suspended particles were found to 
migrate in an electrical field, it was 
believed that colloidal particles remained 
in solution or suspension by virtue of 
the Brownian Movement and the repul- 
sive forces arising from the fact that 
they were electrically charged. In other 
words, colloidal suspensions were con- ARTHUR W. THOMAS 
sidered to be like clouds. 

Colloidal solutions were also considered to be different from ordinary 
solutions (called ‘“‘true’’ solutions as a means of distinction), such as 
sodium chloride or cane sugar, in that the colloidal particles could not 
diffuse through a membrane of parchment paper which was _ per- 
meable to the crystalloids, such as salt or cane sugar. Hence col- 
loidal solutions are generally defined as dispersed systems in which the 
dispersed phase does not pass through semi-permeable membranes of the 
nature of parchment, collodion or gut. 

Another over-worked criterion of colloidality is the optical heterogeneity 
observed in the ultra microscope.* 

Colloidal solutions have also been defined on the basis of the size of the 

* An ultra microscope is actually just a microscope with orthogonal ultra-illumina- 
tion, 
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dispersed particles. This has been quite arbitrarily set at larger than 1 
millimicron (1up = one-millionth of a millimeter) and smaller than 100 or 
200 millimicrons. ‘The upper limit is the limit of the resolving power of the 
best compound microscope using blue light. ‘This was set at 200 millimicrons 
by Stoney. The lower limit has no such alibi. It appears to have been 
adopted from a statement made by Zsigmondy about twenty-five years ago. 

In closing this review of the older (and in some circles, the present) 
ideas concerning colloids, the amorphous appearance of colloids should 
be mentioned. It is widely believed that there are two worlds of matter, 
amorphous and crystalline, due to Graham’s statement that his colloids 
were all amorphous. ‘The fact that the substances arrested by the parch- 
ment membrane and which diffused exceedingly slowly through a column 
of water were amorphous, while those which passed freely through the 
membrane and diffused readily through water were crystalline, impressed 
him so much that he invented the terms colloid (glue-like) and crystalloid. 
But he did not mean to imply that colloids were always amorphous as the 
following quotations? will prove: ‘A similar departure from its normal con- 
dition appears to be presented by a colloid holding so high a place in its 
class as albumen.”’ “In the so-called blood-crystals of Funke, a soft and 
gelatinous albuminoid body is seen to assume a crystalline contour.” ‘Can 
any facts more strikingly illustrate the maxim that in nature there are no 
abrupt transitions, and that distinctions of class are never absolute?” 

Anything that appears amorphous is called colloidal as a result of Gra- 
ham’s classification but many colloids have since been shown to be crystal- 
line. Some proteins may be crystallized and the Debye-Scherrer X-ray 
method’ has shown that many amorphous looking precipitates consist of 
amicroscopic crystals. ‘There are many substances which may exist 
in solution as “crystalloids” or as ‘‘colloids’’ dependent upon conditions. 
Colloidal refers, therefore, to a state or condition of matter, and not to a 
kind of matter. 

The optical heterogeneity observed in the slit ultra microscope, or by 
use of any of the dark-field illuminators employed in bacteriological tech- 
nique, is quite commonly believed to be a universal property of colloidal 
solutions. All colloidal solutions do not show it, however, at least with 
the well known slit ultra microscope or dark-field illuminators using electric 
are illumination. The intensity of the diffraction or scattering of light 
by small particles is a function of several factors as shown in the following 
expressions :* 


1Stoney, J. Roy. Microscop. Soc., 1903, 564. 

2? Thomas Graham, Phil. Trans. Roy. Soc., 151, 183 (1861). 

3 Debye and Scherrer, Physik. Z., 17, 277 (1916). Scherrer, Nachr. Kgl. Ges. 
Wiss. Gottingen, 1918, 96. 

4 Lord Rayleigh, Phil. Mag., 1871. 
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re KM 
4 


I=, ( te — 1)’ 
Tam 
= intensity of scattered light 

K = an indeterminate factor depending upon the refractive indices of liquid and 
dispersed phase, on the amplitude of incident rays and the angle at which 
the scattered light is observed 
number of particles in unit volume 
volume of particles 
wave length of light 
Yap = refractive index of dispersed phase 
Yam = refractive index of dispersion medium 
k = proportionality factor. . 


It is apparent that unless the indices of refraction of the dispersed phase 
and of the dispersion medium are quite different, the intensity of the 
scattered light (or Tyndall Effect) will be very small. ‘This happens to be 
so in many colloidal solutions. Gelatin and albumin solutions when 
thoroughly freed of all foreign matter, and when at hydrogen-ion concen- 
trations removed from that of the isoelectric point are optically void in the 
usual type of ultra microscope. Hence the ultra microscope method is 
by no means an infallible test for colloidality.* 

The use of parchment paper and other semi-permeable membranes has 
likewise become a poor means of distinction between “‘colloids’” and ‘‘crys- 
talloids.”” ‘The elimination of such membranes as an infallible apparatus 
for the sifting of ‘‘crystalloids” from ‘‘colloids’” is due to the investigations 
of Wm. Brown.’ This investigator showed that semi-permeable mem- 
branes vary widely in permeability according to the method of preparation. 
For example, he prepared membranes which permitted sodium chloride 
to diffuse through while arresting the dialysis of sodium sulfate. Others 
were permeable to the colloids, starch and dextrin, while impermeable to 
the colloidal dye, Night Blue, etc. A further interesting study of mem- 
branes for use in bacteriological technique has been made recently by 
Eggerth.6 The papers by Brown and by Eggerth should be studied by 
all who may have occasion to use such membranes in dialysis or ultra- 
filtration. 

The Brownian Movement is an effect rather than a cause. It isthe name 
applied to the visible manifestation of kinetic energy of the particles or of 
the molecules of the dispersion medium which are bombarding the par- 
ticles. 

It is natural that prior to the conception of the ‘‘Ionic Theory” the 
motion of colloidal particles in an electrical field was ascribed to electrical 

* It should be mentioned, however, that when using an exceedingly intense source 
of light, even chemically homogeneous liquids such as water or benzene scatter light. 
Cf. Martin, J. Phys. Chem., 26, 75 (1922). 

5 Wm. Brown, Biochem. J., 9, 591 (1915); 11, 40 (1917). 

6 A. H. Eggerth, J. Biol. Chem., 48, 203 (1921). 
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charges similar to those on the water particles in clouds. - In a given col- 
loidal dispersion all particles migrate in the same direction, consequently 
they bear the same sign of charge. Since like charged bodies repel each 
other, it was logical to ascribe the existence of a stable colloidal dispersion 
to the repulsive forces of like charged particles opposing the coalescencing 
influence of gravitational and surface forces. Smoluchowski’ points out 
that such charged suspensions would emit an electrical discharge, like light- 
ning from a cloud, when grounded, as for example, by inserting one’s finger 
, into the colloidal solution. 

There are many colloidal solutions in which the dispersed phase does not 
migrate in an electrical field. Examples are proteins at the isoelectric 
point, starches and dextrins. ‘They are held in solution presumably by the 
same forces to which the solubilities of amino acids and glucose are at- 
tributed. 

The origin of the solution forces and the reason for the electrical migra- 
tion of colloidal dispersions of apparently insoluble substances such as 
ferric oxide, antimony sulfide, gold, etc., have gradually become apparent 
through years of research. It is now definitely known that these insoluble 
substances do not exist as such in colloidal solution. The particles in 
colloidal ferric oxide solution consist of a complex of Fe,O; and a soluble 
iron salt such as FeCl;; antimony sulfide hydrosol consists of a combination 
between SbeS; and H2S. Formulae may be roughly written for them 
(ignoring the hydrate water) as follows: xFe,O3.yFeCl;; xSbeS3.7yH2S 
where x and y are variable and x is always greater than y. When an 
electric current is passed through these solutions, a brown precipitate 
of FeO; settles out at the cathode and chlorine is evolved at the anode in 
the iron oxide hydrosol, while in the antimony sulfide sol, a red deposit of 
SbeS;3 is deposited at the anode and hydrogen gas is liberated at the cathode. 
This shows that the migrating ions are: 


xFe.03.yFe*tt 3yCl- 
2yHt xSb2S3.yS~ 


To cathode To anode 
<_< — 








The ionization is not complete; it is in fact slight and the nature of the 
migrating ions is not quite so simple as indicated.* But it is not possible 
to make fine distinctions in a short discussion. 

The gradual realization of the fact that the ‘‘impurities,” e. g., the FeCl; 
or the HS, were essential parts of certain hydrosol particles gave rise to the 
so-called Complex Theory, a very simple statement of the complex nature 
of certain colloids. 


™Z. physik. Chem., 92, 129 (1917). 
8 See J. Duclaux, J. chim phys., 7, 405 (1909). 
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While the Complex Theory was accepted for many colloidal dispersions, 
hydrosols of noble metals such as gold and platinum were thought to be 
exceptions since it was believed that they could be prepared by electrically 
arcing these metals under pure water. ‘This was disproved by Beans and 
Eastlack,® who demonstrated that colloidal platinum could be formed in 
pure water due to the fact that platinum oxidizes in the arc thus generating 
an electrolyte which became part of the dispersed phase. Gold was shown 
to require the presence of minute amounts of certain salts, in fact those 
which form stable chemical compounds of gold. 

It is therefore not difficult to see the origin of the solubility forces, since 
insoluble substances in colloidal solution are actually a part of a complex 
aggregate containing a soluble component. Evidence for solution forces 
as the reason, or at least one of the reasons for colloid solution stability 
has been given by Thomas and Frieden.!® A simple experiment may be 
cited. Addition of alcohol followed by ether to a hydrosol of «Fe,03.yFe- 
Cl; did not affect it. Alcohol promptly precipitated a hydrosol of xFe,O3.- 
yFe2(SOx,)3. Ferric sulfate is insoluble in alcohol. 

When a solution of a salt, NaR (or RCl) where Nat (or Cl-) is a dif- 
fusible ion and R~ (or Rt) represents a complex non-diffusible ion is 
placed in solution on one side of a membrane which separates it from an 
aqueous solution of an electrolyte such as HCl, NaOH or NaCl, all ions 
of which are diffusible through the membrane, an unequal distribution of 
diffusible ions results on the two sides of the membrane. This is the 
Donnan effect.1! ‘The sum of the ions of one sign of charge on one side of 
the membrane will be greater than the sum of the same ions on the other 
when equilibrium is reached. This gives rise to a difference in potential 
across the membrane. J. A. Wilson!® has postulated the existence of a 
similar orientation of the diffusible ions about a particle in colloidal dis- 
persion resulting in a difference of potential between the surface of the 
particle and the solution in which the particle is suspended. The addition 
of salt lowers this Donnan potential and at the same time causes the col- 
loidal particles to coalesce and precipitate. Hence the Donnan effect 
must be considered as an added factor in colloidal stability. It does not 
apply to electrically neutral colloids such as dextrins where solution forces 
alone are responsible for the stability. 

The effect of Donnan’s hypothesis upon colloid chemistry may be com- 
pared to that of Svante Arrhenius’ theory of ionization and the Wilhelm 
Ostwald school upon chemistry in general. 

The Donnan effect is very easy to comprehend. Consider that a solu- 


® Beans and Eastlack, J. Am. Chem. Soc., 37, 2667 (1915). 

10 A, W. Thomas and A. Frieden, J. Am. Chem. Soc., 45, 2522 (1923). 
11F, G. Donnan, Z. Elektrochemie, 15, 572 (1911). 

1273, A. Wilson, J. Am. Chem. Soc., 38, 1982 (1916). 
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tion of the salt RCI is placed in a collodion sack and dipped into a solution 
of NaCl. Rt is an ion which cannot diffuse through the membrane, 7. ¢., 
R* is colloidal, while Nat and Cl~ ions can diffuse through the collodion. 
At equilibrium, the following distribution of ions will obtain: 
R*tCl-NatCl- : Na*tCi- 
ssy y 5 
inside : outside 
membrane 
. where x, y and 2 represent concentrations in moles per liter. Donnan 
showed that the product of the concentrations of any pair of oppositely 
charged diffusible ions on one side of the membrane is equal to the product 
of the concentrations of the same pair on the other side at equlibrium. 
Hence, since [Nat], X [CI-], = [Nat]; X [C17], 
x? = y(y + 2) (1) 
then 2x < 2y+2 (2) 
and x>¥ (3) 


(2) shows that the inside will have a higher osmotic pressure than the 
outside due to the unequal distribution of the diffusible ions. This is a 
very important contribution to the theory of the swelling of certain jellies 
made by Procter and Wilson!’ in 1916. 

Since x > y, [Nat], > [Nat]; and hence [C1-]; > [C1~], since the prod- 
ucts are equal. In view of this unequal distribution of oppositely charged 
diffusible ions, a potential difference will exist across the membrane. ‘This 
can be calculated by means of the Nernst equation: 


Re 
P. D. = > in y (4) 


R 
When x = y (which is so when no RC1 is present) the P. D. = = Inl = 0, 


but x is never equal to y when RC1 is present. 
From (1) and (4) 
RT: 2 
P. D. = op n (1 +4). 


Hence it is obvious that starting with a fixed amount of RCI (z) and grad- 


ually adding NaCl (y), : becomes smaller, 2. ¢., the potential difference de- 


creases. This has been proven experimentally. 

Wilson carries this over to a colloidal particle. Consider ferric oxide 
hydrosol. ‘The particles consist of xFe,03.yFeCls which hydrolyze slightly 
in water forming some HCl. This complex, it is seen, is the same as RCI 
just discussed. A particle may be regarded as a sphere of Fe,03 with the 
attached ferric ions all over the surface. Assuming complete ionization, 


13H. R. Procter and J. A. Wilson, J. Chem. Soc., 109, 307 (1916). 
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opposite each Fet+++ there will be three Cl~ dipping in the water phase. 
The Cl- ions are separated from the Fe+** ions but prevented from diffus- 
ing away due to the electrostatic forces of attraction existing between 
them. ‘Thus there is a solution bathing the particle separated from the 
bulk of the solution by the envelope of Cl- ions. The H+ and Cl~ ions 
of the HCl will be found in both solutions and from the Donnan Theory, 
x? = y(y + 2), etc., as shown above. Hence the addition of HCl to the 
hydrosol (or of any other electrolyte) will lower the P. D. between the inner 
solution and the outer solution and equalize the difference in osmotic pres- 
sure between them. ‘The former has been proven experimentally. Proc- 
ter and Wilson’s application of this theory to the swelling of protein jellies 
will be referred to later. 

Jacques Loeb applied Procter and Wilson’s use of the Donnan Effect 
very extensively to protein solutions. Loeb’s work cannot be presented 
in a short discussion, however.’ Representing a protein simply as 


COOH .. .. - ; COOH 
R , it will react with the acid HCl to form ei +CI- 


NHg 

-Nat 

with the base NaOH, yielding R = Na , 2. €., RCl and NaR, salts 
2 


containing a non-diffusible (colloidal)ion. ‘The osmotic pressures and mem- 
brane potentials arising from the unequal distribution of the diffusible 
ions as calculated from the theory and as found experimentally check 
beautifully. 

This has lifted the colloid chemistry of the proteins from qualitative 
speculation to quantitative certainty. The significance of this in biology 
needs no comment. Opponents of the Donnan and chemical point of 
view in colloid chemistry are still numerous. The Donnan theory renders 
quantitative predictions of colloidal behavior possible. Previous to the 
conception of the Donnan hypothesis nothing further than qualitative spec- 
ulation was possible. The opposition to such a quantitatively valid 
point of view is difficult to understand. ‘The main contention appears to 
be in connection with Loeb’s insistence upon the chemical mechanism of 
the taking up of an acid or base by a protein to form the protein salt. The 
opponents say that this is an adsorption, a physical process, rather than 
chemical. Proteins in acid solution migrate to the cathode; in alkaline 
to the anode. In the application of the Donnan Theory it matters not 
whether the protein particles lose an electron by adsorption of H* ion 
or by chemical reaction with it (if there really is any such distinction). 
The complex RC] = R*CI™ is there just the same. 

In connection with this argument, a recent experiment by D. I. Hitch- 


, and 


14 See Bogue, ‘‘Colloidal Behavior,’’ McGraw-Hill Co., 1924. Loeb, “Proteins and 
the Theory of Colloidal Behavior,’’ McGraw-Hill Co., New York, 1925. (Second edi- 
tion.) 
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cock” is illuminating. ‘The taking up of HCl by gelatin and deaminized 
gelatin (deaminized by treatment with nitrous acid) was compared. ‘The 
deaminized gelatin contained less nitrogen than the original gelatin by an 
amount equal to 0.00040 equivalent N per gram of gelatin. The maximum 
amount of HCl that gelatin combined with was 0.00089 equivalent per gram. 
The corresponding figure for deaminized gelatin was 0.00044. The differ- 
ence of 0.00045 equivalent in decrease in combining capacity for HCl is with- 
in the error of difficult quantitative manipulation equal to the difference in 
* nitrogen (amino nitrogen) contents of the two gelatins. This is a very good 
indication of the chemical nature of the ‘‘adsorption”’ of an acid by a protein. 

From its content of tryptophane, casein appears to have a molecular 
weight of 12,800. ‘The equivalent combining weight" of casein for sodium 
hydroxide multiplied by 6 is 12,600, while the molecular weights obtained 
by multiplying the values obtained from the sulfur and phosphorus con- 
tents by 3 are 12,654 and 13,116, respectively, indicating that the mol- 
ecular weight of casein is about 12,700. It would also appear that casein 
is a chemical individual amenable to the classical laws of chemistry, rather 
than a haphazard agglomerate which ‘‘adsorbs” sodium hydroxide. 

Application of the method of osmotic pressure for the determination of 
the molecular weight of colloidally dispersed particles has produced re- 
sults indicating molecular weights of many thousands. ‘This is criticized 
by Bancroft!’ who contends that such measurements and deductions are not 
applicable to heterogeneous systems. Many of the colloidal dispersions 
‘investigated by this method certainly show striking evidence of hetero- 
geneity in the ultra microscope. ’ 

At the present state of our knowledge of inorganic colloidal dispersions, 
it is futile to argue this question, but on the other hand, it would appear 
justifiable to regard certain hydrophilic dispersions as true solutions of 
large molecules, such as aqueous solutions of albumin, gelatin, Lintner’s 
soluble starch, gum arabic, dextrin, etc. 

Such solutions show easily measurable osmotic pressures. As a result, 
there are numerous published values for the molecular weights of colloids 
which form hydrophilic dispersions. 

Osmotic measurements by W. Biltz!* and freezing points determined by 
Lintner and Diill’® show the following molecular weights of dextrin: 

Achroédextrin, about 2,000 


Erythrodextrin, about 3,000 
Amylodextrin, about 20,000 


1% DZD, I. Hitchcock, J. Gen. Physiol., 6, 95 (1928). 

16 Cohn and Hendry, Ibid., 5, 548 (1922-23). 

17, W. D. Bancroft, ‘Applied Colloid Chemistry,’’ page 187. McGraw-Hill Co., 
New York, 1921. 

18 Z. physik. Chem., 83, 683 (1913). 

19 Ber., 26, 25383 (1893); 28, 1522 (1895). 
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Osmotic pressure measurements upon starch solutions by Samec?® indicate 
molecular weights of about 100,000. 

Published values for molecular weights of many hydrophiles, which exist 
as compounds of a diffusible with a non-diffusible ion, are, however, of 
doubtful value in view of the facts developed by Donnan and verified by 
Loeb. 

Osmotic pressure molecular weight determinations have been successful 
with hemoglobin. ‘This is not surprising since the isoelectric point of hemo- 
globin is practically at the neutral point, 7. e., Cy* of 10-7 moles per liter. 
Consequently purification of hemoglobin by dialysis in pure water solution 
should produce hemoglobin practically free from diffusible ions. By 
this method, the hemoglobin of calves’ blood showed a molecular weight 
of 16,300.2' It is interesting to compare this figure with those obtained 
by other methods. Hemoglobin contains iron (0.336%). Assuming that 
one atom of iron is contained in one molecule of hemoglobin, a molecular 
weight of 16,700 is obtained (the accepted value). One gram of calves’ 
hemoglobin combines with 0.00167 gm. of carbon monoxide.?!_ Assuming 
that one mole of hemoglobin combines with one mole of carbon monoxide, 
a molecular weight of 16,700 is obtained. 

Assuming that the hemoglobin molecules are spherical in shape, the 
radius may be calculated from the following formula to be equal to 1.8 
millimicrons: 


M =57r'dN 


= molecular weight 

= radius of molecules 

= density of hemoglobin molecules in solution (assumed to be a mean of 
the density of age age 9 of water) 

= Avogadro number, 60.6 X 1 

The molecular weight of egg albumin dissolved in an ammonium nitrate 
solution has been indicated to be about 34,000.22 The ‘‘Donnan”’ correc- 
tion was applied in this measurement. 

Jellies and gels have provoked a great deal of discussion, and many have 
been the speculations concerning their structure leading to the honeycomb 
or network picture. ‘The present tendency is to regard jellies, and gels too, 
as consisting of hydrated insoluble particles cohering together, like a pile 
of shot.25 Bradford shows that jellies are formed by the deposition from 
solution of myriads of particles, which due to their high molecular weight 
(or high degree of aggregation) diffuse scarcely at all and consequently 
remain with their combined solvent cohering together to form the semi- 

20 Samec and Hoefft, Kolloidchem. Beihefte, 5, 195 (1913). 
21 Hufner and Gansser, Arch. Anat. Physiol., 1907, 209. 
22 Sérensen, Z. physiol. Chem., 106, 1 (1919). 

23S. C. Bradford, Biochem. J., 12, 351 (1918). 
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solid familiar jelly. A practically identical picture is drawn by Bogue,”4 
who regards jellies formed by the growth of long interlacing threads of 
hydrated (or swollen) particles, a solid jelly resulting when the relative 
volume occupied by the swollen molecular threads has become so great that 
freedom of motion is lost, and the adjacent heavily swollen aggregates cohere. 

Catenaries postulated by Bogue have been seen and photographed by 
McBain® in the jellification of soap solutions. 

The mechanism of the swelling of protein jellies in acid and alkaline so- 
* Jutions has been quantitatively explained by Procter and Wilson. ‘This 
was the first application of Donnan’s theory to colloid chemistry. 

When acid is added to a block of gelatin jelly, the latter swells until a 
certain concentration of acid is reached beyond which it shrinks. Addition 
of neutral salts always results in shrinking. Calling the jelly phase the 
inside solution of the model previously discussed and the agueous solution 
outside the block, the outside solution, we can see that since 


2x << 2y+2 
or, 


a+te=2y+2 


where e = the excess of diffusible ions of the inside solution over the out- 
side, the osmotic pressure thus arising inside the jelly causes imbibition of 


water. Expressing e in terms of x and gz, 
e = —2x + V 4x? + 22. 


As the concentration of acid is increased from zero to some small, but 
finite value, must necessarily increase at a very much greater rate than 
x. This is shown very markedly in the most dilute solutions, where almost 
all the acid added combines with the gelatin; but z has a limiting value, 
which is determined by the total concentration of gelatin present. Now 
z must either approach this limiting value or diminish, which it would do 
if the ionization of the gelatin chloride were sufficiently repressed. In 
either case: 

limit 

x= orV/4x? + 2? = V/4x2 
from which it follows that: 

limit 

x= © e= —2x + 2x = 0. 
It is clear from this that, as x increases from zero, e must increase to a maxi- 
mum and then decrease, approaching zero asymptotically, regardless of 
whether or not the ionization of the gelatin salt is appreciably repressed. 

As far as the depressing action of salt on swelling is concerned, Procter 


24R. H. Bogue, J. Am. Chem. Soc., 44, 1343 (1922). 
% Darke, McBain and Salmon, Proc. Roy. Soc. (London), 98A, 395 (1921). 
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and Wilson do not accept the idea that it is due to the repression of ioniza- 
tion. 

While the salt undoubtedly represses the ionization of the gelatin 
chloride to some extent, it would scarcely be sufficient to account for the 
fact that salt reduces the volume of jelly almost to that of dry gelatin. 
The chief action is probably that the addition of salt corresponds to an 
increase in the value of x, and that this increase in x must, according to 
the equation just discussed, produce a decrease in the value of e, with a 
corresponding diminution of the volume of the jelly. 

It is readily seen, from this explanation, why neutral electrolytes always 
decrease the swelling. Addition of a salt increases x while z (RCI) re- 
mains constant, hence e (responsible for the osmotic pressure within the 
jelly, and the swelling) approaches zero as limit.* 


Mutual Reactions of Colloids 


When colloidal solutions are mixed, decrease in stability leading to pre- 
cipitation may result, or if one of the components of the mixture is a very 
stable colloid (hydrophilic), and is added in excess while the other is rather 
unstable (hydrophobic), no visible change may take place and the solution 
will be found to show the stability and properties of the hydrophilic colloid. 
The latter phenomenon is called ‘‘protective action.’”” The former case, 
mutual precipitation of colloids, will be considered first. 

The phenomenon of mutual precipitation of certain colloids was noted 
by Thomas Graham.”* Linder and Picton” showed that mutually pre- 
cipitating sols migrated oppositely in an electrical field. This was con- 
firmed by others. 

The theory of mutual precipitation, which arose from these findings and 
from the opinion that colloid stability resided in the mutual repulsion of 
statically like-charged particles, was that when oppositely charged col- 
loidal particles are brought together an electrical neutralization ensues 
resulting in agglomeration of the particles; there being no electrical re- 
pulsive forces left, the particles must settle out of solution. 

In 1910, Lottermoser*® suggested that the equivalence may be that of 
the small amounts of stabilizing electrolyte in the sol, and that the pre- 
cipitation may be due to a chemical reaction between the stabilizing agents. 
Experiments with silver iodide sols indicated that this chemical point of 
view was correct. 

Freundlich and Nathansohn*® have recently shown that the mixing of 
pairs of certain like-charged colloids may result in mutual precipitation. 

*See Bogue, ‘Colloidal Behavior,” Vol. 1. 
2% Thomas Graham, J. Chem. Soc., 15, 246 (1862). 
27 Linder and Picton, Jbid., 71, 586 (1897). 


28 Lottermoser, Kolloid Z., 6, 78 (1910). 
29 Freundlich and Nathansohn, Ibid., 28, 258 (1920); 29, 16 (1921). 
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For example, they found that arsenic trisulfide hydrosol precipitates 
Odén’s sulfur hydrosol, both of which migrate to the anode in an electrical 
field. Obviously, the electrical charge neutralization hypothesis fails in 
this instance. Since Odén’s sulfur sol contains pentathionic acid as sta- 
bilizing agent (or as one of its stabilizing agents) and arsenious sulfide sol 
is stabilized by hydrogen sulfide, it was deduced that the mutual precipi- 
tation of these sols is a result of the following chemical reaction between 
their stabilizing agents: 


5H2S + H2S;0s —> 10S + 6H20. 


Recently a careful quantitative study of mutual precipitation of ferric 
oxide hydrosol by silica hydrosol has been reported by Thomas and John- 
son.29 This paper offers strong evidence to the effect that mutual pre- 
cipitation of certain hydrosols is the result of chemical reaction between 
the ions of the respective stabilizing electrolytes present to which, in ac- 
cordance with the ‘“Complex Theory”’ of colloids, certain colloids owe their 
stability or solubility forces. 

In an extensive series of experiments in which various ferric oxide hy- 
drosols (xFe203.yFeCls) were used to precipitate a wide variety of silica 
sols (xSiOz.ySiO3;Nae) it was found that the ‘‘positive colloid,” ferric oxide 
precipitates the ‘negative colloid” silica due to chemical reaction between 
the ferric chloride (or its HCl of hydrolysis) and the sodium silicate (or 
its NaOH of hydrolysis) quantitatively according to the reaction: HCl + 
NaOH —> NaCl + H.0. The mutual removal of the stabilizing agents of 
both sols by this simple chemical interaction naturally results in the de- 
struction of both colloids. ’ 

Thomas and Johnson tried also to study the mutual precipitation of 
ferric oxide and arsenious sulfide sol as a function of the reaction between 
the stabilizing ferric chloride of the iron oxide sol and of the stabilizing 
hydrogen sulfide of the arsenious sulfide sol. The errors existing in the 
present quantitative methods for the determinations of arsenic and of sul- 
fur are large enough to render an analysis of the ~AsS3.yHeS complex im- 
possible, due to the small amounts involved. In the mutual precipitation 
of ferric oxide sol and arsenious sulfide sol one of the following reactions 
may take place: (1) HeS + 2FeCl; —> 2FeChk + S + 2HCI; (2) 3H2S + 
2FeCl; —> 2FeS + S + 6HCI. 

Generally in the precipitation of iron oxide hydrosol by colloidal ar- 
senious sulfide there is no evidence of the latter reaction, since the pre- 
cipitate is yellow. When, however, the sol contains a large amount of 
hydrogen sulfide, a blackening develops due to the formation of ferrous 


sulfide. 
To test the supposition that the mutual precipitation between ferric 


30 Thomas and Johnson, J. Am. Chem. Soc., 45, 2532 (1923). 
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oxide sol and arsenious sulfide sol is due to the oxidation of the sulfide ion 
of the stabilizing hydrogen sulfide by the ferric ion of the stabilizing ferric 
chloride, the following experiment was performed. 

Five hundred cc. of an arsenic trisulfide sol were precipitated by a ferric 
oxide sol, the precipitate dried and extracted with carbon disulfide. . Sulfur 
was recovered. 

The presence of sulfur in the gel can be accounted for only through the 
following chemical reaction: 


S~ + 2Fet*++ —> S + 2Fe**. 


In view of the evidence submitted by Freundlich and Nathansohn and 
by Thomas and Johnson, it would appear that the older electrical charge 
theory of colloid interaction must give way to the chemical reaction hy- 
pothesis. 

Hydrophilic colloids, such as the proteins, mutually precipitate under 
certain conditions.** 

The significance of the hydrogen-ion concentration of the solution in 
mutual precipitation of proteins was demonstrated by Michaelis and 
Davidsohn.*? They stated that when two amphoteric colloids, such as 
proteins, are brought together in solution, a compound may be formed and 
precipitate, the condition for most complete precipitation being a hydrogen- 
ion concentration between those of the isoelectric points of the reacting 
ampholytes. Thus when one protein is present as a cation and the other 
as an anion, the formation of a compound is to be expected, whereas when 
both proteins are cations (the py is acid to both of their isoelectric points) 
or where both are anions (the py is on the alkaline side of both isoelectric 
points) a combination between them is not to be expected. ‘The combina- 
tion between pairs of proteins has resulted in insoluble complexes in prac- 
tically all cases tried, but since a great deal of work has yet to be done on 
this subject, it is not safe, at present, to state that proteins always pre- 
cipitate one another if mixed together at a py between their isoelectric 
points. Michaelis and Davidsohn found also that the optimum py for 
the mutual precipitation of proteins varies with the relative amounts of 
the proteins reacting; when a large excess of one component is present the 
Py optimum for precipitation will shift toward the isoelectric point of this 
component. 

The precipitation optimum for a mixture of aqueous dispersions of nu- 
cleic acid and serum albumin was found to be at py = 4.05 to 4.22 which 
is between the isoelectric points of. the components, while a mixture of 


31 Kutscher, Z. physiol. Chem., 23, 117 (1897). Bang, Ibid., 27,483 (1899). Malen- 
greau, Le Cellule, 21, 121 (1903). Beth af Ugglas, Biochem. Z., 61, 469 (1914). Hunter, 
Z. physiol. Chem., 53,526 (1907). 

32 Michaelis and Davidsohn, Biochem. Z., 39, 496 (1912). 
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nucleic acid and heat denatured serum albumin precipitated best at py 
= 3.8. When the ratio of nucleic acid to the albumin was increased, the 
optimum reaction for precipitation shifted toward the acid side, 7. e., toward 
the isoelectric point of nucleic acid. 

Casein and nucleic acid precipitated each other in a py range of 4.05 
to 2.52 depending upon whether casein or nucleic acid was present in ex- 
cess. Mixtures of casein with both genuine and denatured serum albumin 
were found to result in precipitation. Variation in the mass relationships 
made no difference, due to the fact that the isoelectric points of these pro- 
teins are so close together. 

The flocculation of bacteria by proteins, has been demonstrated to be 
similar to protein mutual precipitations.** Eggerth and Bellows found 
that a suspension of B. coli is agglutinated by gelatin, crystallized egg 
albumin, proteoses, edestin and oxyhemoglobin at hydrogen-ion concen- 
trations between the isoelectric point-of the protein and the acid floccula- 
tion zone of the bacterial suspensions, the latter having been found to lie 
between py 1.6 and 3.0. 

An interesting example of the mutual precipitation of hydrophilic or 
‘protective’ colloids is that of gelatin with gum arabic. This gum appears 
to consist mainly of the calcium salt of a complex carbohydrate acid. In 
view of the work of Jacques Loeb, one would expect a precipitation of 
gelatin by gum arabic in solutions on the acid side of py 4.7 (the iso- 
electric point of gelatin) provided gelatin arabate is an insoluble compound. 
Thomas Graham showed that gelatin is precipitated by “gummic acid,” 
the coagulum settling out to form a jelly-like mass. This has been re- 
discovered by Tiebackx,** whose attention to it was aroused by the fact 
that oil-in-water emulsions ‘“‘broke’’ upon mixing, if one was emulsified 
with gum arabic and if gelatin was the emulsifying agent in the other one. 
He found that gelatin and gum arabic mutually precipitate in a solution 
sufficiently acid to ensure the presence of gelatin cations, the coagulum 
setting to a jelly when warmed. In the presence of an excess of gelatin 
this precipitation does not occur. This is an example of the ‘‘protective”’ 
effect of an excess of one of the hydrophilic components. Tiebackx 
also noted that gum tragacanth precipitates gelatin. 


Protective Action 


When a solution of a hydrophilic colloid is added to a less stable col- 
loidal dispersion, or suspension, generally there is no change in appearance 
of the system and the less stable dispersion is found to have become more 
stable, 7. e., it is no longer so sensitive toward coagulation by either the addi- 
tion of electrolytes or by evaporation to dryness. ‘The less stable disper- 


33 Eggerth and Bellows, J. Gen. Physiol., 4, 669 (1922). 
#4 Tiebackx, Kolloid Z., 8, 198, 238 (1911); 31, 102 (1922). 
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sion is said to have been “‘protected”’ by the hydrophilic colloids such as 
gelatin, gum arabic, albumin, etc. 

The discovery of protective action may be attributed to Michael Fara- 
day, who noted that the addition of gelatin to his colloidal gold dispersions 
rendered them so stable that it was possible to evaporate them to dryness 
without change in color.* 

Since there appears to be a general tendency to regard ‘‘protective”’ 
colloids as a class that always confers increased stability upon lyophobic 
colloids, it would be well to stop for a moment in order to show that ‘‘pro- 
tective” colloids do not differ so radically from others in their conduct in 
mutual reactions. It is more a difference in degree than in kind. For 
example, hydrophilic colloids may precipitate other dispersions. A 
number of instances have just been cited where certain protective colloids 
precipitate each other. 

The precipitation of alumina hydrosol by “protective” gelatin was 
observed by Thomas Graham. This appears to have been overlooked since 
in recent colloid literature one notes reports of the discovery that protective 
colloids occasionally do not protect. One such report is that of Brossa and’ 
Freundlich.** These authors find that the addition of a small amount 
of well dialyzed albumin solution to ferric oxide hydrosol renders the latter 
more sensitive toward the precipitating influence of electrolytes rather than 
more stable. The explanation for this is simple, and will be returned to 
later. 

Protective colloids may protect less stable dispersions or may render them 
still less stable, even resulting in mutual precipitation depending upon the 
signs of the charges* of the ‘‘protector’’ and hydrophobe, and upon the 
relative proportions of the two sols brought together. The significance 
of the signs of the charges carried by the two colloids interacting was shown 
by Billitzer,*” who noted that a solution of gelatin which contains a trace 
of ammonium hydroxide will precipitate ferric oxide sol, while if a slightly 
acid solution of gelatin is mixed with the ferric oxide sol, protection takes 
place. The latter complex is not precipitated by the subsequent addition 
of ammonium hydroxide but the sign of the charge of the complex is 
changed from positive to negative. 

In view of the modern chemistry of protein solutions, and the envelope 
theory of protection enunciated by Bechhold,** an explanation is available. 
The solution of gelatin in dilute ammonium hydroxide contains not only 
ammonium and gelatinate ions but also ammonium hydroxide and its 


3% Phil. Trans., 147, 184 (1857). 

% Brossa and Freundlich, Z. physik. Chem., 89, 306 (1915). 
* Tonic charges. 

7 Billitzer, Z. physik. Chem., 51, 129 (1905). 

38 Bechhold, Jbid., 48, 385 (1904). 
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ionization products, 7. ¢., ammonium gelatinate hydrolyzes in aqueous 
solution. ‘The stability of ferric oxide sol is due to the ferric chloride, or 
acetate, as the case may be, that is combined with (or absorbed by) the 
ferric oxide particles. When these two sols are mixed the ammonium 
hydroxide and ferric chloride or acetate react to form hydrous ferric oxide. 
If the condition of ‘‘isoelectric’’ proportions of the interacting sols obtains, 
then precipitation ensues due to the removal of all of the stabilizing agent 
of the ferric oxide sol, and due to the fact that there is not sufficient gelatin 
present to ‘‘protect’’ it, 7. ¢., to form envelopes around the ferric oxide 
particles and thus keep the latter in dispersion through the solution forces 
of the gelatin. It must be noted as well that gelatin at or near its isoelectric 
point (the hydrogen-ion concentration at which its ionization is at a mini- 
mum), is much less stable in solution than in the presence of acid or alkali, 
as shown by Jacques Loeb. 

On the other hand, when the inorganic colloid is present in large excess, 
the neutralization or the removal of a part of its stabilizing agent is not 
sufficient to throw it out of solution, while in the case of a large excess of 
oppositely charged gelatin, no precipitation ensues due to the enveloping 
of the “‘neutralized” inorganic colloid particles by gelatin, which by reason 
of its solution forces maintains the “neutralized” particles in suspension. 
The sign of the charge depends simply upon whether gelatin cations or 
anions are present, 7. e., whether it is an acidic or alkaline solution. 

Hence when Billitzer mixed gelatin, ammonium hydroxide and ferric 
oxide sol in the order named, it is easily seen why he got flocculation. 
When he mixed acidified gelatin with ferric.oxide sol and then added am- 
monium hydroxide, flocculation of the mixture did not ensue because 
gelatin films had formed around the ferric oxide particles. Addition of 
ammonia merely changed the envelopes of cationic gelatin to gelatin 
anions. Had he, however, added the base slowly he would have noted a 
point of very low stability of the gelatin-enveloped ferric oxide particles, 
namely at py = 4.7, the isoelectric point of this protein. 

The sensitizing action of well dialyzed albumin (Brossa and Freundlich) 
upon ferric oxide hydrosol can be explained similarly since, in neutral 
aqueous solution this protein is on the alkaline side of its isoelectric point, 
i. €., it is negatively charged (anionic) and forms salts with the ferric ion 
of the stabilizing ferric salt, or causes hydrolysis of the latter due to its 
combination with the hydrochloric or acetic acid in hydrolytic equilibrium 
with the stabilizing ferric salt of the ferric oxide hydrosol. 

To summarize, a hydrophilic colloid will protect a less stable dispersion 
at all concentrations of the former provided its sign of charge is like that 
of the latter. If it carries a charge of opposite sign, it will protect the less 
stable dispersion if an amount in excess of the isoelectric mixture is present. 
If added in amounts such as to give an isoelectric mixture or less than the 
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same, then the stability of the less stable dispersion will be decreased, pos- 
sibly resulting in precipitation. 

Various hydrophilic colloids show different protective effects, as re- 
vealed by the well known ‘‘gold number’’ method of Zsigmondy.*® ‘The 
“gold numbers’”’ are useful, however, solely as very rough indices of relative 
protective powers, because the ‘“‘gold number” of a given ‘‘protective”’ 
colloid depends so largely upon many conditions which limits of time and 
space prohibit discussing here. 

The envelope mechanism of protective action has been quite definitely 
proven by Jacques Loeb*® by a comparison of the stability of protein so- 
lutions with that of dispersions of protein-coated collodion particles. A 
small quantity of an aqueous collodion suspension was placed in con- 
tact with an aqueous solution of a protein. ‘The particles were centrifuged 
from the protein solution and made up to a creamy suspension in water at 
a desired py. This suspension of protein-coated particles was added to 
various salt solutions to note the behavior. The effects of various salts 
were followed by electrophoresis measurements and observation of the 
concentrations of a given electrolyte which caused precipitation. It was 
found that the conduct of the protein-coated particles is identical with that 
of a solution of the protein. The concentrations of different salts required 
to precipitate suspensions of gelatin-coated collodion particles in water are 


practically the same as the concentrations of the same salts required to 
“salt out” gelatin from aqueous solutions. Furthermore, he found that 
just as the solubility of gelatin at its isoelectric point (py = 4.7) is in- 
creased by the addition of certain kinds and amounts of salts, isoelectric 
gelatin-coated collodion particles are rendered more stable in an identical 


manner. 
Loeb noted a peculiar behavior in the case of egg albumin. He found 


that it is not a good protective colloid for a collodion suspension. Investi- 
gation of the properties of albumin-coated collodion particles showed them 
to be practically identical in stability to that of suspensions of denatured 
(heat coagulated) albumin particles. He postulated that when egg albu- 
min forms a film of its solution about collodion particles, the albumin 
molecule undergoes a rearrangement or orientation to render its water- 
soluble groups ineffective, as Ramsden (1903) noticed in the albumin 
films formed at the air-water interface of albumin solutions. Loeb also 
found casein and edestin to be poor protectors for collodion particles. He 
defined protective colloids as follows: ‘‘Protective colloids must be capable 
of forming a durable film on the surface of suspended particles and the 
molecules constituting the film must have a higher attraction for the mole- 
cules of the solvent than for each other; in other words, they must possess 


39 Zsigmondy, Z. anal. Chem., 40, 697 (1901). 
40 Jacques Loeb, J. Gen. Physiol., 5, 479 (1923). 
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true solubility. Only in this case can they prevent the precipitating action 
of low concentrations of electrolytes on particles which are kept in suspen- 
sion solely by the high potentials of an electrical double layer. ‘Thus gela- 
tin films, in which the attraction of the molecules for water is preserved, 
have a general protective action, while crystalline egg albumin, casein and 
edestin, which seem to lose their attraction for water when forming a film, 
have a protective action only under limited conditions... .” 

In conclusion, it may be stated that the trend in modern colloid chem- 
istry is to emphasize chemistry. Colloid chemistry is the chemistry of 
solutions or dispersions of practically non-diffusible dispersed phases. 
This is not new; it was the basis of Graham’s origination of colloid science 
but was forgotten until so vigorously revived by Loeb. 


SUGGESTIONS FOR COLLOJD STUDY 


Harry N. Ho_meEs, CHAIRMAN, COMMITTEE ON THE CHEMISTRY OF COLLOIDS, NATIONAL 
RESEARCH COUNCIL, OBERLIN, OHIO 


A rapidly increasing number of chemists are trying to obtain a working 
knowledge of colloid chemistry. The subject is so broad that a beginner 


lacks the background necessary to good judgment in the order of selection 
of topics for study. Waste of time and discouragement often interfere 
with colloid careers. 

Fifteen or twenty years ago stress was put on the mere preparation of 
more and more colloids with much qualitative and little quantitative study. 
The subject has now grown out of that early stage of development when we 
were all pioneering. ‘There was once a time when it was considered a 
triumph to prepare an organic compound “never known before.’’ So we 
will admit that once we gave three rousing cheers when we made a new 
colloid. New organic compounds and new colloids are good enough in 
themselves but we are now more concerned with their properties, their 
relations, their quantitative aspects. Generalizations are in order. 

As chairman of the colloid committee I sent out a questionnaire to my 
fellow-members. We all agree that the topic of greatest importance is 
adsorption. As Bancroft put it, “Adsorption is the whole show.” Since 
colloidal systems are dispersions of molecular aggregates in some dispersing 
medium there must be an extensive interface between the phases whether 
the system be red-gold in water or oil in water or dust in air. At these 
interfaces selective adsorption, a concentration of some material, may oc- 
cur. The adsorption films of solid, liquid, gas, perhaps of ions, are of the 
greatest importance. Adsorption may take place from solution or from 
gaseous mixtures (as illustrated by the gas mask). 

No two colloid chemists agree on the exact order of topics to be studied 
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but the following list in order of sequence (not of importance) may prove 
helpful to chemists venturing in the colloid field. 


Suspensions, coarse and fine. Stokes’ law. The Tyndall cone. 
Dialysis. Diffusion. 
{ Condensation methods. 
\ Dispersion methods. 
Brownian movement. 
Electrical properties. Cataphoresis. 
Coagulation. Hardy’s rule of valence. 
Protection. 
Peptization. 
Solvated colloids (gels and gelatinous precipitates). 
Viscosity and plasticity. 
The Donnan theory of membrane equilibrium. 
Interfacial tension. 
Emulsions. Foams. 
Adusiatiens { ~_ liquids. 

rom gases. 

Applications to soaps, proteins of the animal body, bread, rubber, lubrication, 

dyeing, ore flotation, tanning, paints, soils, ceramics, etc. 


Preparation 


The use of the centrifuge, the ultrafilter, and the ultramicroscope should 
be studied. In fact the tools of physical chemistry (hydrogen electrode 
and all) are proper tools for the study of colloids. 


CHEMISTRY IN HOLLAND 
Ir. H. A. J. PIETERS, ZIERIKZEE, HOLLAND 


The many publications which are to be found throughout the literature 
show more than a mere account how, in our little country, science has 
several earnest and devoted champions. Most of the people that are 
concerned with chemistry in their work are members of the Dutch Chemical 
Society, which at this moment comprises more than 1200 members. 
The Society furnishes its members with (1) a weekly in which are published 
short communications on recent scientific work together with abstracts 
of different important articles, the review of books and obituary news; 
(2) a monthly paper called the Recueil des travaux chimiques des Pays-Bas. 
The research work of many of our workers is published in this paper in 
English, French or German, according to the choice of the author; (3) 
a Year-Book, which contains many valuable data. 

The Society appoints several permanent committees each of which has 
its special field of work. I mention the committee for the economic 
position of the members, one for patents, one for education and one which 
examines analysts in order to create a well-instructed staff of them. ‘The 
Conseil International takes the international relations to heart. 
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Twice a year the Society has a general meeting of its members where 
lectures are delivered on actual problems in the field of chemistry. During 
the last few years there have been founded special sections where members 
of like interest are able to discuss their problems. In the larger towns the 
members form more intimate and frequently meeting clubs. 

Notwithstanding the fact that Holland has no noteworthy natural re- 
sources which make an industrial country, except some coal, it has some 
very important industries where chemistry plays an important role. I 
mention the Philips’ Works of Incandescent Lamps. It has a large staff 
of scientifically trained men and an exquisitely equipped laboratory. 
Then there are the beet-sugar manufactories where more than 3 millions of 
beets are being worked up daily during the campaign. In connection with 
the well developed agriculture made possible by the favorable condition 
of the soil, there are some fertilizer plants. There are plants working up 
vegetable oils, and others producing milk-products, artificial silk, quinine, 
chemical and pharmaceutical products and paper. 

I give you this brief account of the more important industries to show 
that there are needed many well-trained men to enable them to maintain 
their position in the world-market. During the war many other plants 
sprang up like toad stools but most of them were not able to stand nor- 
mal competition and disappeared more rapidly than they were started. 

Not only do we need scientific chemists in the -industry but in the last 
decade chemistry has claimed its well merited influence on the welfare of 
the population in general. ‘There has been issued a law concerning food- 
control. This law has spread over the country chemical laboratories where 
all sorts of foods are tested. There are special control-stations for agri- 
culture and dairy-products. 

The colonies with their rapidly increasing industry and cultivation of 
their rich soil and mines attract many of our students, especially the oil 
and the cane-sugar industry. 

It will be seen from this short review that there exists a fair demand for 
well-trained chemists. In consequence the educational principles under- 
lying our intermediate schools as well as our universities and still more 
our technical schools have more or less adapted themselves to the growing 
importance of science. At this moment the boys and girls after leaving 
the elementary school generally follow a three- or five-year course at one 
of the many high schools which are to be found in nearly any town. The 
regulation of the school fees is such that the costs of this further education 
as well as that of the elementary education need not be the reason for not 
accepting it. 

At these schools the pupils are instructed in a large number of subjects 
so that after leaving high school at the average age of 17-18 they can still 
choose what to do further. To make this possible the program is in the 
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opinion of many people overburdened but it has nevertheless great ad- 
vantages. 

Besides these high schools there are gymnasia where the classical lan- 
guages receive a prominent place and the lycea which are institutions of 
more recent date and which try to combine the advantages of both the 
classical and the non-classical systems. ‘The gymnasia and lycea furnish 
the preparation especially for the clerical and the literary professions. 

The high schools. give attention in the first place to science and mathe- 
matics but a normal student takes with him a knowledge of three modern 
languages which enables him to read books and foreign scientific litera- 
ture. In later years the gvmnasia have enlarged their dose of mathe- 
matics and science extensively. 

The task of the universities is to furnish men and women able to ac- 
complish a task in the industry and the laboratory and to train those who 
will be called upon to instruct the coming generation. 

At this moment there is no special course for the instruction of future 
teachers. Moreover the salaries are lately so much depressed that any 
word on that matter which has an idealistic sound is received with sar- 
casm. It depends chiefly on the vocational choice of the student and in 
many Cases on pecuniary circumstances whether he will become a teacher. 
In several cases we meet teachers who have studied with the intention of 
going to work in the factory or in the laboratory but who at the moment 
of taking their grade did not find a suitable place as has been the case 
especially since the war. The student at any university for any profession 
takes officially 5 years to which we have to add in several cases some years 
needed for getting practical experience as in the case of medical students 
but most students need a year or two more to pass through the different 
examinations. After having passed these there remains the possibility 
of taking a degree. To attain this end the student has to work out a prob- 
lem and present a dissertation. 

The technical education is in the care of three kinds of schools. There 
are trade-schools, primary and secondary, and schools which aim at special 
training in chemical analysis. There is one technical university with a 
department for instruction in chemical technology. 

The efficiency of the chemical education which the student gets at the 
university in general depends in the first place on the standard of the pro- 
fessors and of the laboratory assistants. During, and shortly after, the 
war there were too many students in chemistry compared with the num- 
ber of professors and assistants and the available room in the laboratories. 

Although it would seem only natural that the chemical engineer is the 
first to find a place in the industry this is not always the case as the promo- 
vendi of the other universities sometimes are preferred. 

At the university the future chemist has in his first years to follow many 
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colleges. The rest of his time is devoted to practical training which con- 
sists of analytical work and physical experiments. Then the student 
passes a laboratory course in organic and inorganic chemistry together 
with one in general chemistry. After that he has to train himself in more 
specialized work. In the meantime he has completed a course in mathe- 
matics and physics and in the technical university in theoretical and prac- 
tical mechanics. 

The secondary teaching of chemistry is limited to the 4th and 5th 
form in the high school and to 4, 5 and 6 in the gymnasium. 

In the first there are given, respectively, 4 and 6 lessons in chemistry 
weekly, each lesson of 50 minutes. ‘There is generally little occasion for 
the pupils to perform experiments for themselves except at home. Only 
some simple qualitative tests are performed in the 5th form.. Nevertheless 
there are teachers who accomplish their task following for the greater 
part the heuristic method in the laboratory. 

At the end of the 5th form there is an examination, the written part of 
which is the same throughout the country. In the two years mentioned 
the average pupil gets a fair amount of knowledge of the fundamental prin- 
ciples of chemistry which can be compared with the curricula presented in 
books such as Smith’s Intermediate Chemistry, Practical Chemistry by 


Black and Conant, etc., except that we give more organic chemistry. 


A METHOD FOR THE CALCULATION OF SOME QUANTITATIVE. 
PROBLEMS! 


A. J. Hopkins, AMHEeRsT CoL_LEcr, AMHERST, MASSACHUSETTS 


Some of the problems frequently arising in quantitative analysis re- 
quire the calculation of the volume of the reagent or the weight of the prod- 
uct expected. Many of our textbooks insist on the value to the student of 
making these calculations before the analysis is begun. A general method 
for this purpose is outlined below. It depends upon first finding the num- 
ber of equivalents (‘‘n’”’) represented in the pure sample taken as standard 
or in the product obtained. This is derived from the molecular weight 
(given in parentheses in the illustrations) but is either the molecular 
weight or some fraction of the latter, depending on the nature of the reaction 
involved. ‘This quantity, n, will be not only the number of equivalents 
of the standard taken but also of the reagent used and of the resulting 
product, if this is weighed; it is also the number of cubic centimeters of 

1 I am indebted to Professor M. G. Mellon, of Purdue, for his interesting article on 


“Calculating the Results of a Volumetric Analysis” (THIS JOURNAL, 1, No. 6) 
and for the suggestion of publishing the present method, covering somewhat different 


ground than his. 
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any normal solution—of the sample, of the reagent or of any soluble 
product. The method is therefore quite inclusive for the particular 
problem. 

With this explanation, consider the following illustrative exercises: 

(1) From a pure sample of sodium chloride calculate the number of 
cubic centimeters of a silver nitrate solution (0.2) required to precipitate 
the chlorine. 

(2) From a sample of standard Mohr’s salt calculate the volume of 
concentrated ammonium hydroxide necessary to precipitate the iron, 
after oxidation; and 

(3) The cubic centimeters of concentrated nitric acid needed to oxi- 
dize the above iron. 

For these problems we have the following rapid solutions: 

x 


n 
No. of equivalents N Ce. reagent required 
: = S/e = n/N 


Ss 
Mgs. sample taken e Normality 


(1) NaCl (58.46) 58.46 4.63 0.2 AgNO; (0.2) 
270.6 23 .15 
(2) Mohr’s Salt 130.7 . 15.1 NH,OH (15.1) 
(392.1) 0.5 
1000 
(3) Mohr’s Salt 392.1 a ; HNO; (15.8) 
(392.1) 0.05 
1000 


Note 1. The equivalent (e) of sodium chloride in (1), and of Mohr’s salt in oxida- 
tion in (3), is the same as the molecular weight; but that of Mohr’s salt, after oxi- 
dation and in precipitation as ferric hydroxide in (2), is one-third of the molecular 
weight. 

Nore 2. The normality of the reagents to hydrogen is given in parenthesis. 
The normality used in the case of silver nitrate and ammonium hydroxide, marked N, 
is the same; but the normality of nitric acid, being here used as an oxidizing agent, is 
three times as great. 


Another kind of problem is closely allied to the above, i. e., to find the 
normality of a solution to be used as a standard, from the weight of a prod- 
uct. ‘The solution is illustrated as follows: 


P % 
Mgs. of product n Ce. Reagent Normality of 
obtained e = P/e used reagent = n/cc. 


(4) AgCl (143.3) 143.3 6.296 24.98 N X 0.25204 
902.5 


Other illustrations might be drawn from the standardization of sulfuric 
acid on the basis of the weight of barium sulfate produced, etc. 

Sometimes it is desired to know the weight of a precipitate expected from 
i. sample of pure salt. The method here is a slight modification of that 
given in the first three problems: 
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% 
Mgs. product 
=n Xe’ 


n 
No. of equivalents 
= S/e 


Mgs. » e rs 
(5) Mohr’s Salt 130.7 7.65 26 .6 Fe.0; (159.7) 
(392.1) 204 

1000 
(6) Mohr’s Salt 98 .03 10.21 116.7 BaSO,(233 .4) 


(392.1) 1192 
1000 


Nore 1. From the previous discussion, the fraction of the molecular weight, 
proper to give the correct equivalent, e or e’, will be readily understood. 


The primary determination, as shown by the six illustrations, is the es- 
tablishment of the number of equivalents, ‘‘n”. With this in hand, the 
student seems to have little difficulty in solving all the direct problems of 
the nature indicated. 


NEW LIFE IN OLD CHEMISTRY 
C. E. OsBorNE, OAK Park & RIVER Forest TownsHip H1GH ScHooL, OAK ParK, ILL. 


Perhaps you have heard the story of the gentleman who killed a turtle 
in his back yard one summer afternoon and to make sure of it, he cut off 
the turtle’s head. An hour later he returned, and in spite of the fact 
that he had severed the head from the body, the tail still wiggled. He ex- 
plained this matter to a neighbor who had called to see him and a heated 
argument arose as to whether or not the turtle was really alive or dead. 
An old German friend happened along at this time, and they appealed 
to him to decide the question. ‘Now,” said he, “led me see. You say 
you cut off der turdle’s het aboud two o’clock, but his tail still viggles, 
und you vant me to decite whedder der turdle is alife or det. My obinion 
is dat der turdle is det, but he don’t know it.” 

Iam notapessimist. I donot believe that high-school chemistry is dead. 
But as teachers, there are many ways in which we unintentionally are re- 
tarding the progress of high-school chemistry and helping to kill it, and it is 
mandatory that these faults be corrected. 

We deplore the lack of good teachers. It is not only true in the small 
high school where one must teach several subjects or perchance lead an 
orchestra, coach a football team, and fill out his schedule with a class in 
chemistry, but it is far from ideal at the other extreme in a large city high- 
school system where a specialist in botany spends his life teaching physics, 
where another who has majored in mathematics is appointed to teach 
chemistry, and one who has spent seventeen years as head of a depart- 
ment of English is assigned to teach typewriting, shorthand and commer- 
cial geography. ‘The attempt to teach the teachers how to teach chemistry 
is a progressive step worthy of our support. There is a vast difference 
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between having a knowledge of chemistry and being able to impart that 
knowledge, but that one must first have that knowledge before he can im- 
part it cannot be challenged. It is a shame that many new teachers must 
blunder along for years making the same mistakes of which they could 
have been forewarned by teachers of experience. More than ever before 
business men recognize the necessity of training their salesmen how to sell. 
There is much of good salesmanship involved in good teaching. 

The texts are too cumbersome. Several of recent date contain between 
six and seven hundred pages. It would take two years to cover this ade- 
quately. There is but one way to complete such a text—to omit half of 
it, and that is not satisfactory. I cannot cover more than four hundred 
pages thoroughly and am compelled during the second semester to omit 
the summary, exercises and review questions at the end of each chapter. 
This also means that little time is spent on the metals, and the subject of 
organic chemistry is barely mentioned. It is unfortunate that the pupil 
who may never again study it should have this distorted view of the field 
of chemistry. 

Progress is retarded by using a text not suited to the pupils. This 
is a matter which we cannot always control. The teacher of experience 
will adapt his text to his pupils, but the younger teacher is not so daring 
and confident. As scientists, we must face the facts. We must recognize 
the truth that probably 50% of the pupils studying high-school chemistry 
are juniors and have not studied physics. More than a quarter of a cen- 
tury ago Dr. J. Alexander Smith, who probably had no superior as a uni- 
versity teacher of inorganic chemistry said that “chemistry must be pre- 
ceded by physics and must therefore be taught in the senior year.” The 
committee recently appointed by the American Chemical Society to con- 
sider the correlation of high-school and college chemistry suggested that 
we “encourage chémistry being placed in the senior year after they have 
had a year of general science, and a year of biological science or physics, 
or both.’”” Some progress has been made in this direction in the past 
thirty years. ‘The course in general science now taught to our freshmen 
does a great deal to interest pupils in chemistry, and to help them to under- 
stand the physical phenomena involved in chemical changes. Our prog- 
ress is retarded by the fact that the pupils have not had a year of physics. 
But so long as the mathematics and quantitative experiments in physics 
make the course so much more difficult than chemistry, conditions will 
not change. Many of my best pupils are juniors and we cannot overlook 
the fact that four of the six winners of scholarships to Yale awarded by the 
American Chemical Society for the best essays in the national contest were 
won by pupils in the junior year. 

For several years I have used a text written by high-school teachers who 
should know the capacity of a high-school pupil. Their explanations of 
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chemical theory are impossible of comprehension by the pupils. I tell 
the pupils to read it but that I do not expect them to understand it and 
when they come to class I will try to tell them what the authors intend to 
say. The prestidigitator says ‘‘the more you look the less you see.” 
I say that the more you read of this theory the less you know. It is said 
that the animal called the squid carries an ink bag in his body and when he 
is attacked and liable to capture, he muddies the water with this solution 
and in the confusion escapes the enemy. I cannot think otherwise but 
that this particular author plays the human squid. 

Laboratory experiments that are too difficult and which give unsatis- 
factory results after reasonable care, especially if placed at the beginning 
of the course, do more harm than good. In the second week let the pupil 
find the percentage of oxygen in the air by placing a piece of phosphorus 
on a wire inverting a eudiometer filled with air over water and inserting 
the phosphorus on the wire. Let stand over night. Happen into the build- 
ing about midnight as I did, see the phosphorus catch fire, see the air ex- 
pand due to the heat generated and escape from the tube, and when it 
cools to room temperature the water takes the place of the over-heated air 
as well as the place of the consumed oxygen. When your conscientious 
pupil makes his measurements next day, wades through the mysterious 
application of Boyle’s and Charles’ law including the correction for pres- 
sure of water vapor and differences of levels, gets 30 or 35% of oxygen 
when he knows it should be 21%, and to reward him for his painstaking effort 
you tell him this is not satisfactory and must be repeated with more care, 
_you will have something to explain to him to get back his confidence in the 
accuracy of scientific methods. If he still survives this, a few weeks later try 
him on the “Determination of the concentration of a solution by titration”’ 
as the colored gentleman says “‘paregorically speakin’,”’ and you will be lucky 
if the turtle now beheaded still retains sufficient vitality to wiggle his tail. 

I have before me a copy of the School Review for October, 1897, con- 
taining an article prepared by the department of chemistry at the Uni- 
versity of Chicago, from which I quote verbatim: ‘Attention should be 
given to symbols and nomenclature (with careful avoidance of stress, since 
these are nonessential).’’ I emphatically disagree with this and also say 
that most texts fail miserably here. If you do not understand valence 
you cannot write formulas. Without nomenclature you cannot inter- 
pret them. Without formulas you cannot write equations and therefore 
cannot predict what might reasonably be expected to happen in a given 
reaction nor can you account for what is taking place before your eyes. 
Neither can you reason how to prepare certain materials if wanted, nor can 
you so easily remember how things are made. Without your equations you 
cannot solve problems, for your data for the problems come from the equa- 


tions. 
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I know that a knowledge of these things is appreciated by high-school 
students. In fact there is a point at which they demand to know these 
things. They can easily be taught to the average high-school pupil and 
these steps of instruction follow as logically as night follows day. The 
class will take on new life and feel that it has a real grasp on the situation. 
We drop laboratory work and spend all recitations and laboratory periods 
for three weeks at about Christmas time on the development of these 
fundamentals, and no one is given credit for the first semester’s work 
until he can pass a satisfactory test on them. 

One text devotes but one paragraph to ionization and hydrolysis, 
chemical equilibrium and mass action, and says that these are interesting 
subjects but too difficult for the high-school pupil. Several others in- 
clude from eighteen to thirty pages on these topics. There is evidently 
a lack of agreement in these two extremes. There is a tendency to overdo 
these subjects at the present time. 

Times and conditions change. A few years ago we were warned not to 
attempt to teach the pupils anything about the structure of the atom. 
Well, we didn’t know much ourselves at that time, but papers and maga- 
zines have mentioned these so frequently that the pupils’ curiosity on these 
things must be satisfied. It is difficult, but hardly more intricate than ra- 
dio, and many boys of twelve or fourteen in five minutes can floor the 
average high-school teacher of physics with questions on radio. I had 
studied physics under the world famous Dr. Millikan and had taught high- 
school physics seven years. My young son was entering high school. 
I did not pretend that he could tell me anything. He came home with 
$2.00 worth of junk he had picked up from the boys, began to string up 
the house with wire, and in a few weeks the chandeliers were spitting fire 
and I almost had nervous prostration for fear the house would burn down. 
He also irritated me very much by talking about such things as grid leaks, 
amplifiers, cat whiskers, vacuum tubes, variocouplers, etc., and asking 
me questions that were very embarrassing. Here he was a sophomore in 
high school who had never studied physics, using a language entirely yew 
to me who had all these advantages. It wasn’t long before he had without 
any outside help completed an eight-bulb superheterodyne set. And he 
says, ‘‘Dad, what do you want to hear?’ I said, “Give me Los Angeles,” 
and he tuned it in. Dallas, Davenport, Cuba, New York City, Washing- 
ton and everyone in the United States is charted and at my beck and call 
through the boy’s dabbling in things I thought he could not understand. 

But I do not wish to complain or to render an indictment against present- 
day chemistry teaching, but to bring something constructive—to help 
build up rather than to tear down. What can I suggest that will help to 
put new life into old chemistry? 

I have just tried to show what an average boy can do if he is really in- 





350 JouRNA!, OF CHEMICAL, EDUCATION May, 1925 





terested in his work. It’s an old saying that you can lead a horse to water 
but you can’t make him drink. But you can give him salt and make him 
want to drink. Interest is the salt that creates a thirst for knowledge and 
a desire for work. Davy, Faraday, Newton, Watt, Galileo, Darwin, 
Huxley, Edison and Pasteur—all of them had it. One of my favorite 
teachers put it this way—‘‘God never inspired a lazy man.” Show me 
the man not interested in his work and I will show you a failure. 

Know your pupil. The first day have him fill out a blank giving his 
name, age, Class rank, whether or not he has studied physics, why he is 
studying chemistry, what college or university he expects to attend, if 
any. File these where you can get your finger on them at a minute’s 
notice. They are a great help in making a personal contact with the 
individual. 

Introduce the pupil to the proper atmosphere for chemistry study the 
first day. Confront him with quotations on the wall permanently placed 
and emphasizing the value of all knowledge and the joy of labor as, “It 
is your privilege to know.” ‘Finding out is fun and work is living.” 
These are silent sermons and will often stay with him. I find them written 
in their texts. Pupils meet me in after years and say, “I never shall 
forget some of the mottoes: on your wall.’’ Place permanent display 
cards on the walls of your recitation room and laboratory emphasizing 
the practical uses of chemistry. Following are some of those I use. “A 
knowledge of chemistry is an aid to good health.” “By applying chem- 
istry, Rockefeller saw millions in crude petroleum oil.” ‘“The chemist has 
run the food fakers to earth.” ‘Baking powder, the leaven of civilization, 
is a product of chemistry.’’ ‘‘Millions of dollars are saved annually be- 
cause the chemist gave us the fire extinguisher.’ ‘A match is a little 
thing, but a very convenient one.” ‘Pure granulated sugar is the chem- 
ist’s greatest contribution to the world’s dietary.” “Chemistry has placed 
the royal purple of the ancients on the bargain counter.’’ ‘The chemist 
has embalmed the voice of Caruso and Galli Curci in carbolic acid.” 
When Dr. Slosson visited us he said that he thought it was a fine idea. 

Have photographs of the eminent chemists on the wall to which fre- 
quent references are made—Priestley, Lavoisier, Boyle, Dalton, Faraday 
and others, and when studying their work, associate the man with his 
labor. Make them your personal and intimate friends. All of us are 
inspired by association with the masters. As their teacher, you yourself 
must be interested in your work. Interest is contagious. 

Compel their confidence in you from the first as a man and as a scholar. 
You cannot lead those who have no confidence in you. Be neat, be firm, 
be fair, be honest, be honorable, and have a sense of humor in awkward 
situations. First impressions are often lasting. 

Take advantage of every day’s lesson and drive it home with appli- 
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cations to everyday life, to the home to commerce, to industry. ‘This is 
live chemistry. ‘Live chemistry must mean chemistry learned so that the 
pupil is interested in it and becomes more intelligent during the process. 
It must be chemistry or it is not what we are discussing. It must be alive 
or it is not education. It therefore must be both.” Contrast the work 
with the pupil’s present knowledge, advancing progressively from the 
known to the unknown. ‘Put the hay down where the horse can get it.”’ 
Being accustomed to the language of chemistry we forget that although 
this is English, it is in a sense a new language to the pupil. You con- 
gratulate yourself that you see through things quickly but you are not 
thinking them through—you already know them. Shift to zodlogy with 
which you are not so familiar and see the difference. If I state the propo- 
sition thus: If there are more cows in the world than there are hairs in 
any cow’s tail, then there must be at least two cows with the same number 
of hairs in their tails. You cannot remember just what I said to say noth- 
ing of seeing through it. But if I say: If there are more atoms in the 
world than there are different atomic weights, then there must be at least 
two atoms with the same atomic weight. You see it and think you 
thought through it, but you already knew it. Now as a good teacher, 
you start in on the cow problem thus: Suppose there are just four cows 
in the world, and that is more cows than there are hairs in any cow’s 
tail, then one cow could have one hair, the second two hairs, and the third 
three hairs. Obviously, the fourth cow must have either one, two, or three 
hairs in her tail, and at least two cows would have the same number of 
hairs in their tails. 

Give the pupil only what he can assimilate with a reasonable effort. 
To complete the text is by no means a necessity. A clear understanding 
of valence, nomenclature, formulas and equations is essential. Impress 
the fact that chemistry is as definite as mathematics. There is no half- 
way ground. A conclusion is either right or wrong. In chemical changes 
every atom is accounted for. A study of atomic structures makes research 
work more definite. Material for which you can show no good reason 
should be omitted. Adapt the work to your community. There is a 
local chemistry which no text can give, which few teachers know and 
fewer teachers teach. 

The following are emergency methods one can use, if necessary, to inter- 
est his community in chemistry. 

Lectures to pupils on “Some Interesting Chemical Experiments,” 
“Soda Water,” “The Air We Breathe,” ‘“The Water We Drink,” ‘The 
Food We Eat,” “The Clothes We Wear.” 

A series of practical experiments on ‘“Tests for Food Constituents,” 
‘Water Analysis,” ‘Milk Analysis,” ‘Tests for Adulterants in Foods,” 
“Soap Making,” “Testing Cloth Fibers,” followed by a written report on 
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investigations made at home on foods, cloth and labels on canned goods, 
in place of the regular monthly test. 

A board of food inspectors who purchase foods in the local market and 
test them under my supervision, hand me written certified reports of their 
findings. 

Lectures before boys’ clubs, men’s clubs, and women’s clubs, on timely 
topics as “‘Adulterants in Foods,” ‘‘Science and Warfare,” ‘The Relation 
of Chemistry to the Home,” ‘“The Relation of Chemistry to the Enrich- 
ment of Life,” ‘“The Relation of Chemistry to Health and Disease.” 
Articles in the local papers on ‘‘Our Local Food and Milk Supply.” 

Have a bulletin board on which are pasted photographs of noted living 
scientists, articles taken from magazines and newspapers, jokes, cartoons— 
about everything pertaining to chemistry or the value of an education. 
This is not only chemistry up-to-date, but up-to-the-minute. 

Require each pupil to read Dr. Slosson’s “Creative Chemistry” before the 
end of the first semester. Probably no book of any time has done so much 
to interest the masses in chemistry. Here is a man who knows what he 
is talking about and also knows how to tell it—a rare combination indeed. 
One pupil said, ““Mr. Osborne, father is reading it. May I please keep it 
a little longer?’ Another said, ““You required me to read it, but I thank 
you for it.” 

Compete in the prize essay contest conducted by the American Chemical 
Society. It can do no harm and will be of great benefit to those who take 
part in it. During the second semester, read the “Life of Pasteur’ by 
Radot as an illustration of the method and work of the world’s greatest 
scientist, or write an essay of at least two thousand words on some sub- 
ject in which the pupil is interested. 

Use project work. In every project, on a small scale, the pupil is dupli- 
cating the method of the master in solving his problem. Life’s problems 
are solved in exactly the same way. ‘This is best emphasized in the 
chemistry exhibit or open house. It is not a chemistry show but about the 
most serious piece of work the teacher has undertaken. The following 
points about the open house should be emphasized. 


1. More than five hundred persons come to the exhibit where not more than four 
or five visit the regular recitation and laboratory work during the year. 

2. It is interesting to the teacher as well as the pupil, and I learn more from it 
than the pupil. 

8. It gives a number of boys and girls who do not ordinarily take part in public 
affairs or in athletics an opportunity to show their ability. 

4. It acquaints the community with the splendid equipment and facilities of the 
chemistry department. 

5. It impresses the public with the practical value of chemistry. 

6. ‘The pupils take pride and pleasure in doing and explaining these things and a 
new and practical interest in chemistry is awakened. 
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7. Parents and teachers meet under most favorable conditions. 

8. It increases the enrolment materially. 

9. The best things that have ever been said in the public press about me and my 
work have been said by those who visit this exhibit. The value of such unsolicited 
praise in its influence on the community is immeasurable. 


Good laboratory equipment, kept in good repair, neat and orderly ar- 
rangement of bottles and experiments, abundance of supplies with which to 
work and prompt correction of note books are aids in maintaining interest 
after you get it. 

Remember that there are three parts to the recitation: examination, 
instruction and drill. Examination to find out whether the pupil has 
done his duty and prepared the task assigned and also to find whether he 
understands it. Instruction to help him see clearly what he does not 
understand and also to try to tell him something he does not know. Drill, 
for only by repeating facts and reviewing principles can we drive them home 
and make them stick. 

Know definitely what you are trying to do and work definitely toward 
that goal. Through the recitation I expect to give the pupil a working 
knowledge and understanding of chemistry and through the laboratory 
I expect to develop sufficient self-confidence so that the pupil can turn to 
an experiment, read it, get his supplies, construct the apparatus, make the 
experiment, see and understand what is going on, and write up an intelli- 
gent, logical report on it, and hand it to me. 

To put new life into old chemistry you must not only know chemistry 
and love to teach chemistry but you must also live your chemistry. The 
pupil will catch your enthusiasm and will realize that it is a privilege to 
know; that it is a wonderful world in which he lives; that the world was 
not built by chance. He will understand the world better and will, there- 
fore, be the better fitted to live in it. His mind will be on things worth 
while, and to him finding out will be fun and work will be living. 


STARTING THE SMALL CHEMISTRY LABORATORY '! 
Hanor A. WEBB, GEORGE PEABODY COLLEGE FOR TEACHERS, NASHVILLE, TENN. 


If a son ask bread of any man, will he give him a stone? 


A Letter 


I am supposed to teach chemistry here next fall. The 
prospects are discouraging. In the university, where I faithfully labored 
in the laboratory, we had plenty of everything; this very fact adds to 

1 Reprinted from the Peabody Journal of Education, 1, No. 5 (March, 1924). 


A companion article, ‘Starting the Small Physics Laboratory,” appeared in Vol. 1, 
No. 2 (September, 1923) of that Journal. 
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my embarrassment. . . . I have a manual which tells me what 
the laboratory is supposed to have for a complete course, but in the list 
one item appears to be as important as another. And I become be- 
wildered when I turn the pages of the chemical catalog. 

I have made out a list; but the cost totals over $500, and I know the 
board will not give me one-tenth of that sum, even to start with. 
Now, don’t tell me what I ought to have, but tell me what to get with 
the little small change which I hope to have as an appropriation. Don’t 
* write—at least, not much—about the future; set down your suggestions, 
and append the motto: ‘Do it now!’ But don’t give me any advice at 
all, unless you can put.yourself in my 
place. . . . I have an alternative; 
I might try to teach chemistry from 
the book only. What about that? 





, Sincerely yours, 





The Answer 


May your last idea perish! Books 
only tell about a science; like the rule 
books of athletic games, they furnish 
splendid advice, but little exercise. 
Whether it be sport or science, the stu- 
dent must get into action in order really 
to get into the game. 

Chemistry is par excellence the ex- 
perimental science. Chemical phenom- 
ena must be brought about deliberately ; 

H. A. Wess in but few instances may we profitably 
wait for Nature to perform chemical ex- 
periments. I would teach biology principally in the woods and fields; I 
would instruct in physics anywhere in and around the house, the barn, the 
store; but if I should offer chemistry without a certain amount of equip- 
ment set up in an orderly fashion, I would operate under false pretenses. 
Fortunately, the things that must be had for experimental chemistry 
are inexpensive. Many of the most useful chemicals are cheap, and it is 
surprising what a nice assortment of simple glass and porcelain utensils 
a few dollars will buy. In contrast to physics, there is little advantage 
in bringing substitutes for this apparatus from home; for a cup costs more 
than a test tube, a saucer as much as an evaporating dish, and drinking 
glasses, if used instead of beakers, are sure to break when heated. 
Laboratory furniture is really expensive, but effective work may be 
carried on during an emergency with almost any substitute. Many 
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of the greatest chemical discoveries have been made in crude labora- 
tories that a modern college freshman would scorn. Many high schools 
today have laboratory equipment that some universities envy. E’en 
tho’ its trappings be the humblest, a laboratory’s a laboratory for a’ that. 

But first things first. Since every dollar must stretch like a rubber 
disc, I will try to make my suggestions for your equipment and supplies 
show clearly the sequence of their indispensability. 


I. Furniture for the Simplest Laboratory 


a. Shelves. ‘The first things to build are shelves along the walls, head 
high and a foot more, shallow (not more than 6 inches in depth), the upper 
rows 10 inches apart in the clear for ordinary bottles, the two lower 
rows 15 inches apart for taller ones. Locate these in the place most 
convenient for student access. There may be two or more sections; 
the total running length should be from 10 to 15 feet. These are the stu- 
dents’ shelves. 

There should be another set of shelves from which students are not per- 
mitted to take supplies. They should extend to the height you can reach 
while standing on a chair. Shelves should be 10 inches wide and 10 inches 
apart for storage of chemicals in original packages. ‘The two lower shelves 
should be 16 inches wide and 24 inches apart, for glassware and other 
apparatus. Use all the length conveniently available; upon these shelves 
your laboratory will grow. 

It is rarely possible, in the small school, to have a special storeroom. 
It is not a necessity; it is really an advantage for students to see con- 
stantly the chemicals in the form purchased. ‘These must be protected 
against indiscriminate use, however. A few chemicals and pieces of appa- 
ratus should be kept under lock and key to prevent certain mischievous 
uses which are obvious; for example, the blue-glass plates, the labels, gold 
leaf, platinum wire, magnesium ribbon, denatured alcohol, yellow phos- 
phorus, metallic sodium and potassium, mercury and carbon bisulfide, 
should be locked ir a carpenter’s toolbox, a small trunk or a strong box 
with hasp and padlock. Sometimes glass and porcelain must be similarly 
protected; ordinary chemicals are rarely molested. 

b. Desks. In the emergency, any table will do. A more useful desk, 
easily constructed, is in the form of a “picnic table,” made of smooth 
boards. ‘The top should be 4 feet wide, 36 inches high, and any convenient 
length. Pupils work standing on both sides of this table. You would 
supply apparatus to them as needed out of your stock, and require its 
return, thoroughly cleaned, at the end of the period. 

Individual lockers under each desk will cost more to build and require 
more apparatus to fill them. They are time savers for both pupils and 
teacher; but it is money, and not time, that you will lack next year. 
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Even this simple desk should be painted, or varnished, according to 
your taste, and the top made acid proof by treatment with the following 


solutions: 
Solution 1. 125 grams (1-3 cupsful) of copper sulfate crystals. 
125 grams (1-2 cupsful) of potassium chlorate crystals. 
1 liter (1 quart) of water. 


Solution 2. 150 grams (2-3 cupsful) of aniline oil. 
180 grams (3-4 cupsful) of concentrated hydrochloric acid. 


1 liter (1 quart) of water. 

The wood should be free from paint, varnish or grease. Apply two coats of Solu- 
tion 1, boiling hot, with a paint brush, then two coats of Solution 2 in the same way. 
Let each coat dry before adding the next. Wash off the excess chemicals with hot 
soapsuds. Be careful not to get them on the floor, for the stain will not be easily re- 
moved. Now rub with a coating of linseed oil. Vigorous persistence is needed at this 
point. When rubbed thoroughly dry, a highly polished black surface is left, which will 
resist all chemicals and will not turn greasy with heat. 


The desk tops may be kept polished like a piano by the weekly use 
of a suitable polish. A supply which will last for a year may be made 
by melting five pounds of beeswax in a pan, removing from the flame, 
and pouring spirits of turpentine into the mixture, with stirring, until 
a little of the hot liquid, dipped out with a spoon and held under water, 
will harden to a sticky paste. The warm polish should then be poured 
into fruit jars and kept tightly covered to prevent drying. Do not use 
too much on the desk top. A little polish and a lot of rubbing gives the 
shining finish. 

c. Water Supply. A water cooler—the larger, the better—is quite 
satisfactory. ‘The vessel beneath the faucet should be an earthenware 
crock or a wooden bucket. Ordinary water will do for most of the ex- 
periments. ‘The small amount of distilled water which will be needed, 
principally for making solutions of silver, lead and barium compounds 
may be easily obtained with a flask attached to a long glass tube in which 
steam will condense. A large automatic still is an extravagance for the 
small laboratory.” 

d. Source of Heat. Cheap glass alcohol lamps will serve for most 
of the students’ experiments. You should have at least one gasoline 
or alcohol blow torch for bending glass tubing and performing other ex- 
periments that require intense heat. ‘The Cambridge Botanical Supply 
Company, Waverly, Mass., manufactures a burner especially for the lab- 
oratory with no gas. Other catalogs show “‘baby gasoline torches’”’ which 
are simple enough for student use. 

e. First Aid. You should have the following items in a special place, 
preferably in a separate box: 


2 For a descriptive bulletin of an improvised automatic still which will cost less 
than $1, write to Department of Chemistry, George Peabody College for Teachers. 
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For Cuts, 1 roll of absorbent cotton. 
12 rolls gauze bandage, 2-inch. 
1 bottle iodine tincture, U. S. P. 
1 roll zinc oxide adhesive tape, 1-inch. 
(Purchase all of these items from your druggist.) 
1 pair of scissors. 
1 unsharpened pencil. (This, with a strip of gauze, makes a tourniquet 
for seriously cut fingers.) 
For Burns, 1 tube of “‘unguentine,’’ the best ointment for burns, or 1 can of baking 
soda, tightly covered. 
For Faintness, 1 bottle of ammonium carbonate lumps. 
For Poisons, 1 clean, stiff feather, in a stoppered test tube, to produce vomiting. 
You should familiarize yourself with the list of poisons commonly 
found in the laboratory, and their antidotes. 


These items are sufficient for first aid; serious accidents must receive 
a physician’s attention. Let no cut or burn, no matter how small, go 
untreated. 

f. Fire Protection. One of the small hand-pump fire extinguishers 
is a great protection. A light blanket, rolled tightly and hung on the 
wall where it can be quickly snatched down, will be available for put- 
ting out any fire on clothing. 

g. Aprons of an acid-proof kind are decidedly advisable. Get price 
lists and samples from the Cabinet Manufacturing Company, Quincy, 
Ill., and the Chemica! Rubber Company, Cleveland, Ohio. 

As you prosper, you will improve many items of this laboratory furniture, 
both for the sake of more convenience and because of your pride and de- 
sire for something better. You will place uniform bottles upon the 
students’ shelves, and build closed compartments in your storage space; 
you will build or buy desks with drawers and lockers; you will install 
plumbing, with at least one sink in the room. For these things you do 
not need my present suggestions; but it might be well for you to secure 
catalogs from perhaps two of the following firms, which will help you to 
plan for the better times to come: 


(List eliminated; see advertisements in THis JouRNAL.—H. A. W.) 


II. Apparatus for the Simplest Chemical Laboratory 


You do not have to have everything to start your laboratory; all items 
of apparatus are not alike indispensable. Neither is it necessary to buy 
on the basis of ‘‘so many of this article for ten students” and twice as 
many for twenty, which your manual implies. I have divided the appa- 
ratus into groups, and listed these in the order of the most urgent need for 
the simple laboratory. I have done this by writing out a list of all the 
things I would have in a generously equipped laboratory, then eliminating 
each item for which I could think of a satisfactory substitute. 
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This list plans for several years of a struggling infancy. Try, for the 
first year, to have everything in List A, and one or two of each item in 
List B, with which you may demonstrate. Next year have a supply of 
Lists A and B for students, and some of List C for your own use. Grow 
into List D, which represents the beginning of better days; but I am not 
writing for the prosperous laboratory. 

In the interest of economy, allow your students to work in pairs, and 
let there be many demonstrations, both by yourself and by students, 
which the whole class may observe. I have placed beside each item the 
number of students which it should serve, if you will foster the spirit of 
community codperation rather than private ownership of apparatus. 
Thus, by dividing my number into the number of students you expect to 
have, you will know how many of each article are needed. 


List A. Apparatus Used Constantly 


By students - 

No. of 

students 

served Articles 

1 Six test tubes, 125 x 15 mm. (5 x 5/s in.) 

Two beakers, 150 ml. (cc.) 
.Alcohol lamp 
Evaporating dish, porcelain, 80 mm. (3 in.) 
Gauze, iron wire, 4x4 in. : 
Ring stand, with one 4-inch ring 
Granite-ware pan, 8 inches across and 2 inches or more deep 


For teacher’s demonstration, and general use 


‘Two boxes each, Dennison’s labels, No. 201 and 223 

One gross (144) corks, to fit test tubes (No. 5) 

Two files, rat-tail; two files, triangular (6 in.) 

One dozen packets of filter paper, 9 cm. (31/2 in.) 

One pound of glass tubing, 7 mm. (1/, in.) outside diameter 


Improvise these items (and many others) 


Test-tube holders of folded paper 

Test-tube brushes; bits of cloth tied on a pencil 

Test-tube racks; stand tubes in drinking glasses 

Three plates of glass (3 x 3 in.) 

Two wide-mouth and two narrow-mouth bottles 

Sand bath; a pie tin 

One condenser, made from iron pipe, stoppers, and glass tubes 
Cork borers; a hot nail will serve 

Small bottles, with stoppers to fit some of them 


IistB. Apparatus Used Frequently 
By students 


Flask, Erlenmeyer, 250 ml. (cc.) 
Funnel, glass, 80 mm., (3 in.) diameter 
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No. of 
students 
served Articles 
Funnel tube, thistle top, !/, in. diameter tube 
One foot of rubber tubing, !/, in. inside diameter 
Graduated cylinder, 50 ml. 
Mortar and pestle, of porcelain or glass, 80 mm. (3 in.) 


For teacher’s demonstration, and general use 


One gross (144) corks to fit flasks (No. 9) 
One alcohol blast lamp 

One pair balances, so-called ‘‘hand scales” 
One set of weights, 0.001 to 50 gm. 

One chemical thermometer—10°C. to 110°C. 


List C. Apparatus Used Occasionally 


By students 
Crucible, porcelain, No. 00, 10 ml., with lid to fit 
Triangle, iron wire, covered with pipe clay, 2 inches on side 
Crucible tongs, steel (9 in.) 
Test tube, large, 25 x 150 mm. (1 x 6 in.) 


For teacher’s demonstration, and general use 


Six beakers, 250 ml.; two beakers, 500 ml.; two beakers, 1000 ml. 

Two plates of blue glass (2 x 3 in.) 

One magnifying glass (the smaller lenses magnify more) 

One blowpipe, and mouth attachment 

Two burettes, 50 ml., rubber connections, with glass tip and pinch clamp 

Two burette clamps for ring stand 

One lead dish (4 in.) 

Two inches of platinum wire, No. 26 B. & S. gauge (seal in the end of a 
glass tube) 


List D. Apparatus Added as You Prosper 


Two flasks, Florence shape, each of the 500 ml. and 1000 ml. sizes 

One Liebig condenser, with rubber connections 

Two distilling flasks, side neck, 500 ml. 

One graduated cylinder, 1000 ml. (one liter) 

Set of pipettes: 1 ml., 5 ml., 10 ml., 25 ml. delivery pipettes; 1 10-ml. 
graduated pipette 

One eudiometer, 50 ml. 

Five pounds each size of glass tubing: 5 mm. (3-16 in.), 10 mm. (3-8 in.), 
and hard glass, 12.5 mm. (1-2 in.) , 

Twelve feet rubber tubing, inside diameter to fit 5 and 10-mm. glass 
tubes 

One set cork borers: 1-8, 3-16, 1-4 in. 

Rubber stoppers of appropriate sizes to replace corks in test tubes and 
flasks 

One large funnel, 200 mm. (8 in. in diameter) 

Two evaporating dishes, porcelain (6 in.) 

Six more magnifying glasses (hand lens type) 

Copper water-bath, 6 in., with rings 
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Articles 
One iron mortar, 6 in., with pestle 
One trip scales, laboratory type, with rider 
Six each of 1-inch, 2-inch and 6-inch iron rings for stand 
Standard articles for many of those you have improvised 


Breakage in the laboratory must be allowed for in addition to the above 
lists. A rough-and-ready rule to try out will be to add 50% to the num- 
ber of test tubes and 25% to the beakers, flasks and porcelain ware you 

. buy from the above lists. Of other things which are breakable, add one 


extra for each five that you need. 
III. Chemicals for the Simplest Laboratory 


The list of “Supplies for Ten Students” in your manual is inadequate 
in several respects. Some chemicals are used very frequently, others 
rarely. The quantities suggested “for a year’s use” are not the proper 
ones; you do not expect to exhaust completely your supplies at the end 
of each year. And, besides, why should you buy only an ounce or two 
of magnesium sulfate, for example, when the price is merely 7 cents a 
pound? In the following lists I suggest the most economical quantities 
for purchase. Note that many of them may be secured at home. 

Again, first things first. With the supplies in List A, a fair number 
of fundamental experiments may be performed. 

With Lists A and B, a considerable number of experiments with fa- 


miliar substances may be added. 
With Lists A, B and C, a really satisfactory number of experiments 


may be carried out. 
List A. Chemicals for the Fundamental Experiments 


acid, hydrochloric 7 lb. acid, nitric 
acid, sulfuric 1 gal. alcohol, denatured 
. alum, lumps 8 lb. ammonium hydroxide 
baking powder, several kinds 1 lb. barium chloride 
bromine 5 Ib. calcium chloride 
2-Ib. calcium fluoride 5 Ib. calcium oxide (quicklime) 
2 lb. candles 5 |b. carbon bisulfide 
5 lb. charcoal lumps, wood — cloth, colored and white 
5 lb. copper sheet and turnings 5 lb. copper sulfate 
1 oz. iodine, resublimed 2 Ib. iron filings. 
1 Ib. iron chloride (ic) 1 Ib. iron sulfate (ous) 
5 Ib. iron sulfide, sticks 1 Ib. lard 
5 Ib. lead sheet or shot 1 lb. lead acetate 
1 quire litmus paper, red, blue 5 lb. manganese dioxide 
10 Ib. marble, lumps 1 lb. mercury, metal 
1 lb. phosphorus, white 1 lb. potassium bromide 
2 lb. potassium chlorate 1 Ib. potassium iodide 
4 oz. silver nitrate 2 pkg. sodium bicarbonate (baking soda) 
5 lb. sodium carbonate (washing soda) 4 lb. sodium chloride (common salt) 
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5 Ib. sodium hydroxide (lye) 5 Ib. sodium nitrate 

1 Ib. sodium sulfate 1 pkg. sodium tetraborate (borax) 
2 Ib. sugar 5 lb. sulfur, roll 

5 lb. zine, granulated 


List B. Chemicals for Additional Worth-While Experiments 


1 lb. acid acetic, glacial 5 lb. ammonium chloride 

2 lb. ammonium nitrate 1 lb. ammonium sulfate 

4 oz. arsenous oxide 2 lb. calcium carbide 

4 oz. cobalt chloride 1 Ib. copper oxide 

1 pkg. gelatin 1 lb. grape sugar, ‘‘Karo” 

1 Ib. hydrogen peroxide 1 oz. magnesium ribbon, or powder 
1 Ib. magnesium sulfate 1 lb. mercuric chloride 

8 oz. mercurous nitrate 1 oz. mercuric oxide 

1 lb. paraffin cakes 1 oz. phenolphthalein powder 
8 oz. phosphorus, red 2 Ib. plaster of paris 

2 Ib. potassium bichromate 8 oz. potassium chromate 

8 oz. potassium permanganate 1 Ib. ‘Rochelle salt’’ 

4 oz. sodium metal 2 lb. sodium acetate 

1 lb. sodium nitrite 1 lb. sodium phosphate, dibasic 
1 qt. sodium silicate, solution 1 Ib. sodium sulfite 

1 Ib. sodium thiosulfate, ‘““hypo”’ 5 Ib. starch 


List C. Chemicals to Practically Complete Your Needs 


. acid, boric 1 lb. acid, oxalic 

. acid, phosphoric 1 lb. acid, tartaric 

. aluminium sheet 4 oz. aluminium chloride 

. aluminium sulfate 1 lb. ammonium carbonate 
. ammonium molybdate 8 oz. ammonium oxalate 

. ammonium sulfide 4 oz. antimony powder 

. antimony trichloride 8 oz. arsenic metal 

. ashestos, long fiber 8 oz. asbestos wool 

. barium peroxide 1 qt. benzene 

. bismuth metal ~ 4 oz. bismuth nitrate 

. cadmium nitrate 8 oz. calcium sulfate 

. chrome alum 4 oz. chromium chloride 

. cobalt nitrate 1 lb. copper chloride 

. copper nitrate — elements, specimens 

. ether 1 book gold leaf 

. gypsum, native 8 oz. iron alum (ic) 

. iron ammonium sulfate (ous) 8 oz. lead dioxide 

. lead monoxide 8 oz. lead nitrate 

. magnesium chloride . 8 oz. magnesium carbonate 
. manganese sulfate 1 oz. methyl violet 

. nickel nitrate 8 oz. potassium bitartrate 
. potassium chloride 1 oz. potassium cyanide 

. potassium ferricyanide § oz. potassium ferrocyanide 
. potassium hydroxide 2 Ib. potassium nitrate 

. potassium thiocyanate 8 oz. rosin 

. soda lime 1 lb. sodium peroxide 

. strontium chloride 5 lb. sulfur flowers 
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4 oz. tartar emetic 2 Ib. tin, granulated 
1 oz. tin chloride (ic) 4 oz. tin chloride (ous) 


5 sheets turmeric paper 8 oz. zinc dust 
8 oz. zinc oxide 8 oz. zinc sulfate 


1 oz. zinc sulfide 
Additional chemicals for desk top finish and polish 


1 Ib. aniline oil 5 Ib. beeswax 
1 qt. linseed oil 1 gal. turpentine 
There should be sets of specimens, such as minerals, fertilizer samples, fossil lime- 
stone, coal, etc. These, and several of the items in this list, may be obtained in your 
own community. 


IV. Books in the Simple Laboratory 


Because I suggest only a few books does not mean that there are not 
a very large number which would be worth while for constant use by the 
students and yourself. Books are a part of alaboratory. Students should 
be encouraged to go to them just as they go to the faucet after water 
The habit of ‘looking it up” is a most excellent one. 

There should be a large textbook for college chemistry to be used as 
a reference. Deming’s General Chemistry (John Wiley & Sons) is one of 
the largest and most helpful ones. You should have several high-school 
chemistry texts, so that their variety of treatment of important topics 
may be observed. Do not fail to secure Hodgman’s Handbook of Chem- 
istry and Physics (The Chemical Rubber Company, Cleveland, Ohio), 
for its reference tables and lists of complex equations. 

Two additional books may be mentioned because of the appeal they 
make to boys and girls on the side of human interest. One is Darrow’s 
The Boys’ Own Book of Science (The Macmillan Company), which relates 
the life stories of great scientists, principally chemists, and gives specific 
directions as to how the young scientist may experiment to his heart’s 
content in his home laboratory. ‘The other is one of the great books of 
the decade; it has been read with eagerness by thousands who are not 
science students; Slosson’s Creative Chemistry (The Century Company), 
will interest and inspire. It will really be worth while to read many chap- 
ters aloud to your class. There should be some current magazines of a 
chemical, or at least a scientific nature upon the shelves. 

All laboratories have a beginning. Some may be born amid the luxuries 
of a magnificent house and a generous family; others may face the pri- 
vations of infancy amid the most humble surroundings. It is not at all 
certain that the log-cabin laboratory may not in time rival them all in 
the useful service it renders. So start it, and give it a chance. 
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CHEMISTRY AND THE LEATHER INDUSTRY 
ALLEN Rocers, Pratr INstITuTE, BRooxiyn, N. Y. 

The leather industry dates back to the Garden of Eden, when, accord- 
ing to Genesis III:21, we are told ‘‘Unto Adam also and to his wife did 
the Lord God make coats of skins and clothed them.” ‘This fixes the fact, 
without any question of a doubt, that the first real chemical industry to 
be established on this planet was leather manufacture. Chemists as such 
were unknown at that time, so of necessity the processes employed were 
of course very crude. Results, however, were accomplished in a manner 
and for generations the conversion of animal pelts into leather, or possibly 
better to say into an imputrescible substance, was successfully carried out. 
The earliest process, as no doubt practiced by the cave dwellers, prob- 
ably consisted in rubbing the fat and 
brains of the animal into the pelt getting 
what today we term an oil tannage. It 
was very early discovered that when the 
pelt became partly decayed that the 
hair came out and so. this method for 
removing the hair, which we now know 
as sweating, was quite likely employed 
in depilation. 

Just what chemicals were first used 
to remove the hair is unknown, but as 
lime has been known for centuries it is 
safe to assume that through accident or 
otherwise the great discovery was made 
that a solution of this substance would 
cause the hairs to drop out. The an- 
cients must have observed that a lime- 
treated hide was too plump and hard =" 
for tanning, and so they probably washed ALLEN RoGERS 
the limed hide in water to cause it to 
again become soft. In doing this at some time or other a stagnant pool 
containing animal excrement was resorted to as a cleaning pit.. We can 
imagine the surprise that must have followed, and so was established that 
step in the tanning process which we now call “bating.” 

At a very early date alum and vegetable tanning materials were em- 
ployed, but it has remained for the last fifty years to do more for the leather 
industry than had been accomplished all down through the ages. Why 
has this been the case? Because chemistry, during that same period 
has become widely applied to all industry and has made itself felt in this 
line of endeavor. It is to an American chemist that the leather industry 
owes its present state of advancement, for it was the introduction of 
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the two bath chrome process discovered in 1884 by Augustes Schultz that 
revolutionized leather manufacture and pointed the way for a better 
understanding of the older alum and vegetable processes, then and now 
in vogue. 

Up to the time of Schultz’s invention, goat skins were used only for the 
production of Morocco leather; and as the demand for this product was 
limited thousands of goat skins went to waste annually. What the 
Schultz process accomplished was a means of producing shoe leather 
‘from a cheap raw material, thus making possible an industry that would 
shoe the world. ‘The chrome process not only made available these thou- 
sands of goat skins, but also on account of the short time required for the 
process it could be applied to other kinds of stock. 

Knapp, an Englishman, studied the action of chrome salts on hide sub- 
stances, but was led to conclude that their application was not practical 
Martin Dennis of Newark, N. J., carried out further investigations along 
this line and in 1893 perfected the so-called one-bath process for chrome 
tannage. With these two processes the tanner can produce a high grade 
upper leather in less than one-quarter of the time required by the old 
vegetable tanning process. As a result of this utilization of chemical 
knowledge over ninety per cent of our shoe upper leather today is of 
chrome tannage. This change from the old vegetable tanned upper to 
the more recent chrome upper is not all due to financial reasons, but has 
become so established because a chrome upper leather holds its shape 
better and wears longer than leather made by the vegetable process. 
How often today do we see a patched shoe upper? Practically never. 
There are many of us, even some perhaps not so old as the writer, who 
can well remember as boys of having patches on their shoes. Some of 
us may recollect those high boots that we had to rub over with tallow every 
night if we expected to wear them on the following day. ‘Those high boots 
with copper toes and red tops were a work of art, but being vegetable 
tanned had their short-comings. At the present time who ever thinks of 
rubbing tallow or oil on a pair of shoes? Even if they do get wet, what’s 
the harm? ‘They will dry out overnight and be as flexible as ever in the 
morning. Who is responsible for this change other than the chemist? 

We all remember our first pair of patent leathers. How they did shine, 
but oh, how they did draw the feet and how they did crack. That is a 
thing of the past. Patent leather no longer draws the feet, neither does 
it crack. Why? Because the chemist has made a study of the proper 
way to soften the leather without taking away its nourishment and has 
so perfected the varnish that only one coat is required to give the necessary 
gloss and that coat will not crack. 

Colored shoes are more in favor today than black ones, and have been 
made so through the application of stable dyes which will not fade when 
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exposed to light. - To produce the most satisfactory product has required 
much experimentation, and the application of chemical knowledge to the 
proper treatment of the skins. The old way of softening leather with 
soap and oil is ancient history, and no doubt has much to do with the 
unsatisfactory colors at one time produced. 

Up to thirty odd years ago sole and belting leather was the result of 
bark tannage, the time required being from twelve to eighteen months. 
The hides were placed in pits and a liquor made by leaching hemlock or 
oak bark was added; chips of bark were then sprinkled between the hides 
and nature allowed to take its course. At that time the industry was lo- 
cated largely in New England where hemlock bark was available. As 
the bark in that section became exhausted the industry moved farther 
West, especially into Pennsylvania. As the forests were denuded, the 
sole leather manufacturer again came face to face with the problem of 
either moving his factory to the forest or moving the forest to his factory. 
The latter method was chosen, but in so doing another industry was 
created, and that industry, which has grown to large proportions, is the 
extract industry. This industry has for its object the extraction of the 
tanning material from barks or wood, and its operations are, as a rule, 
carried out near the source of its raw material. The extract obtained by 
leaching are evaporated to a point where economic transportation is made 
possible, and at a cost far below what would obtain by shipment of the 
bark. The tanner of sole leather, therefore, now buys his tannins in a 
concentrated form, and has no worries over the moving problem. ‘This 
new industry, based entirely upon chemical processes and chemical con- 
trol has made possible a more economical production of sole leather and 
a far superior product to that produced by the old bark tannage. By using 
these extracts in the so-called union tannage the time of treatment has 
been reduced to about ninety days. In a sole leather tannery having an 
output of say 500 hides per day the item of capital invested in hides alone 
is considerable when we compare the modern 90-day process with the old 
bark process which consumed twelve or more months. In other words 
the money invested in hides say at twelve dollars each would be $540,000 
by the modern process while for the old process it would be $2,160,000 
for the same capacity. 

It may be asked if leather wears as well when made by the modern proc- 
ess as it did when produced by the old bark method. The answer is yes. 
Further it is more comfortable on the foot, cuts to better advantage and 
does not announce the approach of its wearer. In the sole leather factory 
the chemist has become indispensable, and no up-to-date tanner would 
think of running his plant without adequate chemical control. 

The glove leather manufacturer owes much to the chemist. This branch 
of the leather industry has made rapid strides within recent years. ‘Today 
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our gloves not only wear better, have faster colors and are more dressy 
and comfortable, but have an advantage in some instances of being wash- 
able and will not shrink when wet. 

The automobile and furniture leather manufacturer has had his ups 
and downs. The tremendous demands upon the industry by the auto- 
mobile manufacturer resulted in increased capacities to meet these re- 
quirements until today it is one of the largest branches in the leather 
industry. Imitation leather and fabrics have been used very extensively 
‘as a covering for seats and tops, but on account of their poor wearing 
quality and unsanitary features are being rapidly replaced by leather. 
This bears out that old saying that “nothing takes the place of leather.” 
The early automobile leather was, perhaps, not all that could be desired, 
but today through scientific research one hide may be converted by split- 
ting into four or five layers of leather each one of which is equally strong 
and may be given a finish so that only the expert can distinguish a split 
from the grain. ‘The usual finish applied to this class of leather consists 
of a composition composed of pyroxylin, an oil such as castor, rape or 
linseed, together with certain pigments and thinners. After the finish 
or so-called dope is applied, the leather is dried or baked and then embossed 
to represent various grains or patterns. In place of dope finish some man- 
ufacturers use a linseed-oil varnish, by means of which very bright effects 
are produced. To overcome the objection that leather cushions are 
cold there has been a recent movement to replace the dope and varnish 
finish by a dyed product. ‘The result has been the introduction of a prod- 
uct which has all of the advantages of a fabric, without its disadvantages. 

Bag and case leather comes under the head of fancy leather and is made 
from a variety of hides and skins. ‘The best grade of leather coming under 
this classification is that obtained from cow hides tanned by the vegetable 
process. Such leather may be smooth, giving the appearance of sole 
leather, or it may be embossed to represent the grain of walrus, seal, 
alligator, pig or other patterns. The cheapest grade of bag leather is 
made from sheepskin skivers embossed to represent various grains and 
then backed with cardboard or canvas. 

Under the true heading of fancy leather we have pigskins, Morocco, 
alligator, seal, walrus, shark, ostrich, snake, lizard, and so on, the methods 
for the manufacture of which have all been greatly improved through the 
application of chemical science. 

Mention might be made of the various kinds of tannages, but the time 
required would exceed the limit allowed for this presentation. We can- 
not, however, pass without mention of alum and oil tannages by means of 
which chamois and sporting leathers are produced. Although these 
tannages have been known and applied for hundreds of years, their present- 
day utilization differs entirely from that of a generation ago. 
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Perhaps the most outstanding of recent development in leather manufac- 
ture from new sources has been the perfection of processes for converting 
shark and ray skins into a merchantable product. This process is due 
entirely to the results of chemical investigation. ‘The chief problem in- 
volved in this work was the discovery of some practical means of removing 
the shagreen, or dermadenticles from the surface of the skin. This sha- 
green is of a calcareous nature and serves as a protection to certain forms 
of marine animal life. To solve the problem an application of the ioniza- 
tion theory was brought into play with marked success. This part of 
the problem having been solved the other difficultiés were insignificant, 
so chemistry again marks another score to the credit of science in this in- 
dustry. 

The conversion of membranes into an imputrescible substance is worthy 
of note. Such substances as the gold-beater skin, player-piano leather 
and the like have been perfected through chemical research, so that today 
we have reached a point of development not anticipated ten years ago. 
Closely connected with this leather is the so-called “‘cat-gut’”’ used for 
surgical sutures and musical instruments. The surgeon, through the 
perfection brought about by the chemist, can now feel confident when 
using his sutures that they will have the required strength and will be 
absorbed in the time specified. Further he is sure that no stitch trouble 
will develop and no case of infection will result. 

A related industry to leather is the dressing and dyeing of furs. The 
processes employed have been more or less empirical, with very little 
advance in technique until within the past few years. Even today the 
field is suffering from the lack of technical knowledge and chemical con- 
trol and sadly feels the need of scientific study. A few things, however, 
have been accomplished in recent years, the most outstanding perhaps 
being in connection with the work of the Bureau of Fisheries in taking 
over the Alaskan seal industry. Since 1917 the Governinent has exer- 
cised supervision over the Alaskan herds and has made possible the es- 
tablishment of plants in this country for the dressing and dyeing of seal- 
skins. Up to 1917 we depended upon England for our sealskins and 
paid not only for the transportation across three oceans and a continent 
but paid the English dresser for his work and an import tax on our own 
product. When an American concern in St. Louis undertook to dress 
and dye the skins they at once recognized the unsatisfactory conditions 
surrounding the taking and cure of the pelts and so called in the services 
of the chemist to study the problem. As a result of seven years’ study 
and the application of the knowledge gained, the whole industry has been 
revolutionized and we are at present producing sealskin furs at about 
half the price of seven years ago with a product which in every way is 
superior to that manufactured in any other part of the world. 
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It will be gathered from what has been said that the leather industry 
owes much to the chemist, and although much has been accomplished 
the surface has hardly been touched. Many important problems still 
confront the tanner, and the chemist interested in this branch of industry 
has ample food for thought, wide open field for research, investigation, 
development and practical application for the results of his discoveries. 
One could enumerate a long list of problems which are worthy of the 
‘most careful consideration, but let us before closing cite a few of the most 
important. 

Sole leather, as has been stated, is produced from vegetable tanning 
materials derived from barks and wood. ‘The concern of the tanner is 
how long will the present supply be available; and when it is exhausted 
what are we to do? It may be said that we have other tanning materials 
such as chrome, alum, oil and aldehydes, but these do not fill the require- 
ments for sole leather. Synthetic tanning materials can be made through 
the condensation of phenols with formaldehyde, but these products do 
not give the full and loaded effect desired. Certain organic chemicals 
such as quinone and some of the sulfonic acid compounds of the aromatic 
series will produce leather, but the leather so produced is flat. ‘The prob- 
lem, therefore, is to find a substance that will give a leather in all respects 
equal to or better than our present product and one which can be produced 
on an economical and commercial basis. 

The real structure of hide substance from a chemical standpoint is not 
known, so that a determination of the chemical composition would be a 
classical piece of work worthy of the efforts‘of the keenest investigator. 
If we knew its constitution we might be better able to solve some of our 
tanning problems. 

The study of vegetable tannins has been quite exhaustive, but yet we 
are not absolutely sure as to just how they combine with hide substance. 
The chrome processes need investigation. ‘The chemist who can show why 
a basic salt of chromium produces leather will add much to our knowledge 
of the subject. 

Oil tannage offers a very interesting field for investigation. Although 
this is the oldest process employed for the production of leather, less is 
known about the reactions involved than any other process. 

Chemical control is an essential factor in the production of a uniform 
product and so the analytical chemist has all kinds of opportunities to 
exercise his originality. 

A study of leather from the viewpoint of the consumer is an untouched 
field. The shoe manufacturer takes the leather on a casual inspection and 
trusts to luck that his shoes will wear. The bag manufacturer takes 
for granted that his leather is correct. ‘The gas meter manufacturer buys 
a good grade sheepskin and tests it only for pin holes. So we might go 
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through the list of leather users. The time will come and that in the near 
future when chemists will be called upon to establish standards for wearing 
quality. And so again chemistry will render a service to the industry of 
leather. 


AUTOMOBILE LACQUER} 
ROBERT CALVERT, UNIVERSITY OF MARYLAND, COLLEGE Park, Mp. 


We shall hear more and more of lacquer during the next few years. 
It has recently been replacing paint and varnish at a spectacular rate, 
particularly for the finishing of automobiles and household furniture. 
Now a large hotel,!* one of the most beautiful in the world has lacquered 
interior, walls and ceilings. 

The present preference for lacquer is unmistakable. Many of us have 
seen new automobiles, never used, with their glossy, spotless paint and 
varnish being removed preparatory to 
lacquering, to make the cars more easily 
saleable. ‘The buyer prefers the lacquer 
because of its greater beauty and dura- 
bility. The automobile manufacturer 
also prefers lacquer. With it, he cuts 
the two weeks’ time required for paint- 
ing to two days; and he decreases the 
number of cars tied up in his finishing 
department to one-fourth the former 
number. 


Early Use of Lacquer 


Lacquers are not new. The Egyp- 
tians, it is said, used lacquer of a simple 
type in preserving precious objects, the 
inscriptions of the famous Rosetta Stone 
and even the mummies themselves.’ 

For some time we have used lacquer RoBert CALVERT 
for tautening and protecting the linen 
of airplane wings, for coating heavy cloth to produce the leather sub- 
stitute so widely used in bookbinding, automobile upholstery, and the 
making of various novelties, for coating leather to give “patent leather,” 
for lacquering brass, copper and silver-ware, and, finally, for coating 
cheap glass beads and thus converting them into lustrous artificial pearls. 

tT Abstracted from an illustrated lecture delivered before the Maryland Section of 


the American Chemical Society at Baltimore, February 27, 1925. 
* Numbers refer to references listed at the end of the article. 
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Soluble Cotton 


Lacquer differs from varnish in drying quickly, by the evaporation of 
volatile solvents, whereas varnish hardens slowly, by the oxidation of its 
linseed oil. 

Lacquer belongs to the noted family of pyroxylin industries, photographic 

film, fabrikoid or leather substitute, artificial silk of a certain kind, cellu- 
loid and pyralin, all based upon the use of a great structural material, 
.celluose, after conversion to soluble form by immersion in a mixture 
of nitric and sulfuric acids. Since the form of raw cellulose used is 
most often short fiber cotton, the cellulose nitrate is called ‘‘soluble 
cotton.” 

This soluble cotton of a degree of nitration corresponding to about 12% 
nitrogen is known as pyroxylin. 


Solvents 


Pyroxylin dissolves in ethyl acetate, butyl acetate or amyl acetate. 
There are other solvents, but these, as the odor of lacquer indicates, are 
the most common. ‘The corresponding alcohols, ethyl, butyl, amyl and 
benzine are not satisfactory solvents for pyroxylin but are much used as 
diluents or for special purposes. The solvent must be free of acid or 


substances which corrode a metal or wood surface. It must be practically 
colorless in order not to interfere with the color of the lacquers. It must 
be a good solvent for the cellulose nitrate. 

Ethyl acetate meets these requirements. But ethyl acetate, having a 
boiling point as low as 77°C., evaporates so rapidly from freshly lacquered 
surfaces as to cool the surrounding air sufficiently to cause condensation 
of moisture from the air. In such a case, the water precipitates the py- 
roxylin in the lacquer film and produces a milky appearance which the 
lacquerer calls ‘‘blushing.”” ‘The use of amyl acetate, with a boiling point 
of 148°C., prevents “blushing.” But amyl acetate evaporates so very 
slowly as to introduce an objectionable delay in the drying of the lac- 
quered article. A mixture of high-boiling and low-boiling solvents is, 
therefore, necessary to avoid the two extremes. 

There is need of research to develop one material of such efficacy as a 
solvent, of such an intermediate rate of evaporation, and of such a low 
cost as to replace the present expensive mixture. 

There is much to be done also in the recovery of solvent vapors in the 
widely scattered lacquer shops now installed in our larger cities. In 
lacquering an automobile of average size, two gallons of mixed solvents, 
worth about $1.50 a gallon, evaporate into the air. This loss would amount 
to $3,000,000 for each million cars lacquered except that the automobile 
makers will undoubtedly recover most of the solvent used in their own fac- 


tories. 
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Plasticizers 


Another ingredient of lacquer is the non-volatile colloiding agent or 
plasticizer, a solvent which by remaining in the finished lacquer film 
maintains the pliability and minimizes the tendency to break on bending. 

At one time we depended, for colloiding or plasticizing pyroxylin, largely 
upon camphor, imported from Japan, from the head-hunters’ island of 
Formosa. Then a large research organization perfected the synthesis of 
camphor from turpentine and America became more or less independent 
of the Japanese monopoly; there followed a vertical decline in the price 
of refined Japanese camphor from a quotation of $3.40 a pound in 1920 
to 90 c. a pound in the same year,® a break which saved the American con- 
suming industries some $15,000,000 yearly. 

Camphor, either natural or synthetic, is still used as a colloiding agent 
in many pyroxylin compositions. ‘The odor developed by rubbing a piece 
of celluloid or photographic film base discloses the presence of camphor. 
The odor of a new piece of pyroxylin-coated cloth, on the other hand, is 
usually that of castor oil, the odor not being sufficiently pronounced to be 
objectionable. ‘Those who once thought Japanese camphor to be the only 
satisfactory plasticizer must now modify their views to include a dozen 
synthetic substances, such as ethyl phthalate, ethyl lactate, butyl oxalate, 
triphenyl phosphate and tricresyl phosphate, plasticizers not of uniform 
excellence, it is true, but all of interest and importance. Some do not 
protect the pyroxylin adequately from brittleness at winter temperatures. 
Others give an excessive softness on a hot summer day. Still others dis- 
color in certain pyroxylin compositions when exposed to sunlight. 


Stabilizers 


Cellulose nitrate itself is inclined to decompose very slowly in sunlight, 
with the production of sufficient nitric or nitrous acids to give a positive 
test with a drop of methyl orange. To clear, light, permeable compositions 
of cellulose nitrate it has been customary in the past, to add some sub- 
stance capable of combining with the acid as it develops. Such a com- 
pound is called a stabilizer. One much used, especially with the highly 
nitrated cellulose known as guncotton, is diphenylamine, a substance of 
such solubility as to be easily blended into the cellulose nitrate solution 
and also of such activity as to neutralize any free acid that might develop. 


Pigments 


The pigments used in the Buick cobalt blue or brewster green, the 
Chevrolet blue, the Franklin green, and the sixty other colored lacquers 
serve a double purpose. They establish the color, and being opaque, 
also exclude light, especially the active ultra-violet rays, and thus prevent 
the photochemical decomposition of the cellulose nitrate. Actual tests 
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have shown many pigmented automobile lacquers to be practically un- 
affected by sunlight or weather over long periods of time. 


Resins 


The resins, often called “‘gums,” are exudations of certain plants, taken 
sometimes directly from the bush and sometimes from the place of decay 
of earlier vegetation under ground. ‘Those which are mined are known as 
, fossil resins. 

The resins most used in lacquers include Damar, Elemi, Kauri, Pon- 
tianak, Manila and various copals. A domestic material which may ulti- 
mately take the place of much of these imported resins.is ester gum, a 
product of the esterification of rosin (a mixture of complex organic acids) 
with glycerine. 

The resins in lacquer add luster and hardness to the film, pyroxylin and 
plasticizer alone being too soft and too easily scratched. On the other hand 
a film of gum alone lacks pliability, tenacity or some other essential 


property. 
Assembling the Lacquer 


It is usual for the lacquer maker to purchase his ingredients in a man- 
ufactured condition, the resins from importers, the solvents from a plant 
especially equipped to produce them, and the pyroxylin from a few man- 
ufacturers with such experience and plant facilities as to be able to sell 
pyroxylin at a price less than the actual production cost in a smaller fac- 
tory. The pyroxylin is shipped alcohol-wet. Before use it is dissolved 
in the solvents and filtered. The resin is also dissolved separately. The 
pigments are finely ground in certain of the liquids to be used in the 
finished lacquer. ‘These three solutions or suspensions are then mixed by 
weight, and thoroughly blended. When the physical and chemical tests 
have shown the batch to be satisfactory, it is packed for shipment, in cans, 
drums or larger containers among which the tank car will soon be common. 


Application of the Lacquer 


In lacquering an automobile, the clean metal is given first a priming 
coat, then three coats of a mixture containing a very large amount of some 
suspended metallic oxide, such as ferric oxide, to fill all irregularities cf 
the type of file marks and hammer dents. After these coats are dry, the 
surface is polished with sand. ‘To the resulting smooth surface are ap- 
plied, finally, three or four coats of colored lacquer. All of these materials, 
the primer, surfacer and lacquer coats, are shot on the metal with an air 
spray. After the volatile solvents have evaporated from the last coat, 
the lacquered surface is rubbed to produce the slight gloss noted on new 
cars and actually improved by the washing and polishing given to the car 
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during use. One manufacturer recommends the doubtful practice of 
varnishing over the lacquer coats to produce a bright varnish finish. 


Research Pays 


From their position of minor importance among the little understood 
and little appreciated odds and ends of industry, the “cats and dogs” 
of the chemical laboratory, research has elevated lacquers to a place of 
dignity and importance among the major materials of commerce, a source 
of profit to a few experienced producers and of increased enjoyment to 
users who will soon be numbered by the million. 

Two research developments, both recent, stand as the very basis of the 
present lacquer. First, there came the production of unlimited quantities 
of butyl alcohol solvents, based on the butyric fermentation of corn, to 
replace the expensive amyl alcohol formerly made as a by-product of the 
whisky industry and now available only in small quantity as a minor prod- 
uct of the alcoholic fermentation of waste molasses of the cane sugar mills. 
Second, we have now the method of preparing pyroxylin in such a manner 
that three times as much of it as formerly may be contained in a gallon of 
lacquer without producing a solution too viscous for use. This increase 
in the concentration of the lacquer makes possible the production of 


a lacquer film of given thickness, after drying, with roughly one-third 
the solvent formerly required, one-third the number of coats, reduced 
labor of application, and a lessened time of completing the work of 
lacquering. 

Kither research is too great a romance of achievement to be discussed 
here in detail.‘ 


The Future of Lacquer 


To date lacquers have been made profitably, on a large scale, by only a 
few concerns. Now probably more than a hundred firms, and many 
individuals with a spare bath-room or back bed-room are considering the 
entrance into this field. The result will be probably such an overcrowding 
of an industry as has rarely, if ever, been equalled, with only those com- 
panies producing at a profit who are best fortified with the necessary raw 
materials, a long experience in the difficulties of lacquer manufacture, 
and a satisfactory research staff. The chemist deplores the prospect of 
this killing competition. Yet out of that very situation will arise greater 
need for solution of many of the yet unsolved problems of the lacquer in- 
dustry—the need of cheaper solvents, the production of a solvent of uni- 
form rate of evaporation, from first to last in the drying of a lacquered sur- 
face, better sticking solutions for priming wood or metal surfaces, new 
and more pleasing shades of light-proof colors, elimination of the unpleas- 
ant otlor of surfaces newly lacquered, increasing the concentration of a 
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lacquer solution without weakening the resulting film, recovery of the sol- 
vents from their vapors in widely scattered lacquer shops, and, finally, the 
recovery for re-use of the pound of mixed acid which remains in the ni- 
trated cellulose, after centrifuging, and which now goes into the drowning 
water. 
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THE PRESENT STATUS OF THE IONIZATION THEORY 


JaMES KENDALL, COLUMBIA UNIVERSITY, NEw York City 


It has long been recognized among physical chemists that the Arrhenius 
ionization theory, as originally propounded and developed, does not repre- 
sent the truth, the whole truth 

and nothing but thetruth. The 

most disconcerting point of all, 


which threatens to wreck the 
entire structure, is the so-called 
“anomaly of strong electro- 
lytes.” How to modify the 
theory so as to explain this 
anomaly has been a problem 
which has baffled the intellects 
of the leaders of the science for 
nearly forty years. Some new 
ideas have recently been. in- 
jected, however, which have al- 
ready brought about striking 
advances and which promise to 
clear up the entire mystery in 
the very near future. 

Let us first of all see just how 
the anomaly of strong electro- 
lytes arises. According to Ar- 
rhenius, a conducting solute con- 

James KENDALL sists of two distinct fractions-—a 

dissociated or ionized or active 

part, and an undissociated or non-ionized or inactive part. The undis- 
sociated part of a solution of hydrogen chloride in water, to take a specific 
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example, is made up of hydrogen chloride molecules HCI; the dissociated 
part is made up of equal numbers of positively charged hydrogen atoms 
H+ and of negatively-charged chlorine atoms Cl-. Equilibrium exists 
between the two parts in the solution, and this equilibrium may be 
represented by the equation: 


HCl = Ht + Cl-. 


Applying the Guldberg and Waage law of molecular concentration to 
this reversible reaction, we obtain the expression: 


(conc. H*).(cone. Cl~) / (cone. HCl) = constant. 


How can we test, experimentally, the constancy of this expression? 
Let us suppose that we have one gram-molecular weight of solute in v 
liters of solution, and that the ionized fraction is a. ‘Then the concen- 
tration of each of the ions in the solution is a/v, and of the non-ionized 
solute is (1 — a)/v. ‘The equation now goes into the form: a?/(1 — a)v 
= constant, and if we can evaluate a we can check up on the validity of 
this formula at once. 

Here Arrhenius introduced another assumption, namely, that a is 
given by the ratio of the equivalent conductivity at the given dilution 
v(A,) to the equivalent conductivity at infinite dilution (A.). Substi- 
tuting A,/A., for a, we obtain the final equation: A*,/A, (A, — A,)v = K, 
a constant, which is amenable to direct experimental test. 

Ostwald showed, as far back as 1887, that a great many acids and bases 
in aqueous solutions follow this equation exactly, and the relationship 
is still known among physical chemists as Ostwald’s dilution law. But 
agreement is obtained only in the case of acids like acetic acid or bases 
like ammonium hydroxide which are not extensively ionized in solutions 
of ordinary concentration—in other words, only with weak electrolytes. 
Acids like hydrochloric acid, bases like sodium hydroxide and practically 
all common salts—which are highly ionized in aqueous solution—give 
exceedingly wide divergences. Strong electrolytes, as a class, therefore, 
refuse to come into line with the theory. Their equivalent conductivity 
changes with dilution, but not in accordance with the dilution law. 

It would be impossible here to discuss all of the attempts which have 
been made to explain this anomaly. Something was evidently wrong some- 
where, but the colored gentleman in the wood-pile seemed agile enough 
to escape discovery forever. Some investigators thought that the ioniza- 
tion was not correctly given by the conductivity ratio, 7. e., that the sub- 
stitution of A,/A, for a was the false step. Others thought that the 
uncertainty in A, (which is necessarily arrived at by extrapolation) 
might be the source oferror. Still others debated whether the law of.molec- 
ular concentration was directly applicable to ionized particles. Many 
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suggested that solvation and complex ion formation might invalidate the 
original equation of Arrhenius. The confusion of thought was so great 
that it cannot be wondered at that a small but stubborn band of chemists 
persistently refused to believe in ionization at all. ‘The majority, however, 
seeing that these same strong electrolytes, although they did not follow 
the dilution law, nevertheless fitted in perfectly with the solubility prod- 
uct principle (the basis of modern analytical chemistry), believed while 
they could not understand. As Uncle Rollo said to his freshman nephew 
in Ellwood Hendrick’s immortal verses: 

I used to think theology 

Was rather rough on doubt, 


But chemistry with ions beats 
Theology all out. 


You'd better join the church before 
Your course is well begun, 
Because you'll need to exercise 
The art of faith, my son. 

Let us now look a little more closely into this matter of the solubility 
product, because we shall find that it affords a valuable clue. 

If we have excess of a slightly-soluble salt (silver chloride, for example) 
in contact with its saturated solution, the equilibrium finally reached 
may be represented by the series of equations: 

AgCl (solid) = AgCl (undissociated in solution) = Ag*t + Cl- 


Applying the law of molecular concentration to each of these equilibria, 
using square brackets to denote concentrations, we obtain: 

[AgCl (undiss.)] / [AgCl1 (solid) ] Ki (1) 

{[Agt] . [Cl-] / [AgCl (undiss.)] = Ke. (2) 
By multiplying these two equations together, we derive a third expression: 

[Ag+] . [CI-] / |AgCl (solid)] = Ki.K:. 
Now [AgCl(solid)], the concentration of silver chloride in the solid state, 
is invariable at any fixed temperature. Our third expression consequently 
reduces to the form: 

[Ag+] . [Cl-] = K,.K» [AgCl (solid)] = constant. (3) 
That is, in a saturated solution, the product of the concentrations of the ions 
is a constant. ‘This law of the constancy of the ion-product is one of the 
most useful principles in the whole of chemistry, and although experi- 
mental test has shown that both equation (1) and equation (2), by means 
of which the law was derived, are grossly inaccurate for all strong electro- 
lytes, yet equation (3), the law itself, always approximates very closely 


to the truth. 
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The question at once arises: How can two wrongs possibly make a right? 
Obviously only by one exactly compensating the other. We are led to 
suspect, therefore, that both equation (1) and equation(2) contain some- 
ihing which is not as it should be, and that by combining the two equations 
we eliminate this disturbing factor and bring everything correct again. 

What have we eliminated? What do both equation (1) and equation 
2) contain which is absent from equation (3)? Evidently the factor 
AgCl (undissociated in solution)]. It is consequently the undissociated 
‘raction of the electrolyte that is presumably responsible for the failure of 
ihe Arrhenius theory in the case of strong electrolytes, and we must study 
this undissociated fraction intensively if we wish to clear away the anomalies 
discussed above. 

Ellis Parker Butler wrote a short story once about a little black boy 
named Mose, who was persuaded by very good authority (namely, the 
word of the king of the ghosts, the general of the ghosts, the captain of the 
ghosts, ete.) of the fact that ‘‘Dey ain’t no ghosts!” Similarly the net re- 
sults of our investigations on the undissociated molecule may be briefly 
summarized in the statement: ‘Dey ain’t no undissociated molecule!’ 
As we shail see later, this is a slight exaggeration, but for strong electro- 
lvtes and water it is so nearly true that we do not need to worry, tempo- 
rarily, about the infinitesimally minute fraction of solute that is really 
and truly undissociated. 

Professor A. A. Noyes, as long ago as 1908, referred to the possibility 
that the so-called undissociated molecule of a salt in solution, say NaCl, 
might exist in a potentially ionized condition, [Nat+Cl-], the atoms being 
oppositely charged but held together by their mutual attraction. The 
work of the Braggs on crystal structure indicated subsequently that no 
molecules of NaCl are present in the solid salt, the crystal structure con- 
sisting of alternate sodium and chlorine ions arranged in a cubic lattice. 
The extension of this idea to solutions was not long delayed. 

Milner on the physical side, and an Indian with the euphonious name of 
Ghosh on the chemical side, were the pioneers in exploring this new field. 
The mathematical difficulties of the problem prevented Milner from ar- 
riving at any rigid solution, although a great deal of valuable progress 
was made. Ghosh, on the other hand, succeeded in promulgating a theory 
which, for a time, enjoyed almost universal acceptance. ‘This theory 
of Ghosh, published in 1918, was based upon the following postulates: 
(1) a strong electrolyte RX in solution is completely dissociated at all dilu- 
‘ions into oppositely charged radicals R*+ and X~; (2) the arrangement of 
these charged particles in the solution is analogous to the marshaling of 
itoms in a simple cubic crystal lattice; (3) the oppositely charged radicals 
of a salt-molecule RX form a completely saturated electrical doublet, 
and the work necessary to separate them is the electrical work done in 
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moving them from their fixed mean distance in the solution to an infinite 
distance apart; (4) a radical is free to conduct the current only if its kinetic 
energy is greater than half the work required to separate it from its partner; 
(5) the distribution of velocities among the particles is according to Max- 
well’s law. 

The essential point in this theory was that strong electrolytes are wholly 
dissociated in solution, partly into free and partly into bound ions, only 
the former being capable of conducting the current. Ghosh postulated, 
instead of an equilibrium between ionized and non-ionized solute, regulated 
solely by the law of molecular concentration, an equilibrium between free 
and bound ions, in which electrostatic as well as kinetic forces were in- 
volved. The ratio A,/A, expresses the proportion of free ions, and 
Ghosh derived, with the help of his postulates, an equation for the variation 
of A, with dilution which he claimed to be in satisfactory agreement with 
the experimental data. The agreement was, in fact, so striking, and so 
many additional confirmatory points were adduced by Ghosh, that his 
conclusion that the validity of his postulates was thoroughly established 
thereby was apparently perfectly justified. 

Unfortunately a careful examination of the work of Ghosh showed it 
to contain many mistakes. His postulates are fundamentally inconsistent 
with one another and with carefully established experimental data, the 
equations which he employed do not follow from ‘his postulates, and the 
agreement between his equations and the results of experiment is fre- 
quently fictitious. In this particular form, consequently, the theory of 
complete ionization is now generally discredited. ‘The necessity of modify- 
ing the Arrhenius theory, however, is still admitted, and the directions in 
which such modifications must be sought have become clearly evident. 

Recently a much more logical presentation of the theory of complete 
ionization has been put forward by Debye and Hiickel. ‘The work of these 
investigators is complicated by the very thoroughness of their mathe- 
matical treatment, but their argument is based upon the two simple as- 
sumptions that, in dilute aqueous solution, strong electrolytes are prac- 
tically completely dissociated and that any departures from the law of 
ideal solutes are due entirely to electrical forces between the ions. ‘The 
“activity” of any single ion is dependent upon the density of its “ionic 
atmosphere,” and the variation in this activity with total ionic concen- 
tration may be readily calculated. The solubility work of Brénsted and 
LaMer affords very convincing evidence of the validity of these calculations 
and the conclusions of Debye and Hiickel may therefore be regarded as 
indubitably correct, so far as very dilute solutions (below 0.01) are con- 
cerned. 

When we come to more concentrated solutions specific deviations begin 
to appear. It appears certain that these specific deviations must be 
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iscribed to two main factors: (1) the volume occupied by the ions under 
consideration; and (2) interactions between the ions and the solvent me- 
dium. ‘These factors have not yet been studied in detail under the Debye- 
Hiickel point of view, but the importance of the second may be emphasized 
here from an entirely different angle. 

Suppose we return for a time to one of our previous illustrations—a 
solution of hydrogen chloride in water. This is, as everyone knows, an 
excellent conductor, yet both of its components, when pure, are practically 
non-conductors. Furthermore, each of the components in the liquid 
state possesses the same general properties—among which high dielectric 
constant and marked association may here be mentioned. The question 
comes up: Are we justified in ascribing the conductivity of the solution 
entirely to the dissociation of the hydrogen chloride into Ht and Cl-, 
neglecting the water entirely? Is there any reason for this discrimination? 

Werner felt so strongly on this question that he went to the other 
extreme, regarding water as the only ionizing substance in solutions of this 
type! According to Werner’s theory of acids and bases, an acid was a 
substance which combined with hydroxyl ion, a base a substance which 
combined with hydrogen ion. The dissociation equilibrium of water: 
H,O0 = H+ + OH, ordinarily preponderent towards the undissociated 
molecule, would be disturbed by the formation of stable complex ions 
such as [HC1(OH~)] and [NaOH(H*)], and a highly conducting solution 
would result. Werner’s theory may seem strange at first glance to those 
accustomed only to the orthodox point of view, but it really leads to ex- 
actly the same results. We all agree that ions such as the chloride ion 
and the sodium ion are hydrated in aqueous solution, and there is evidently 
no fundamental difference between the hydrated chloride ion [Cl1-(H20) ] 
and the “solvated” hydroxyl ion [HCI(OH~-)], or between the hydrated 
sodium ion [Na+(H20)] and the “solvated” hydrogen ion [NaOH(H*)]. 
But it is obviously more logical to take both components of a conducting 
solution equally into consideration than to emphasize one and neglect the 
other entirely. 

Ionization, we find on observation of non-aqueous as well as of aqueous 
solutions, is invariably accompanied by compound formation between sol- 
vent and solute. Indeed, the parallelism that has been established be- 
tween the extent of compound formation and the extent of ionization in 
systems of widely divergent types leads to the conclusion that the two 
phenomena are intimately related. A few examples from aqueous solu- 
tions may be adduced. Strong acids, which give highly conducting solu- 
tions with water, invariably form stable hydrates such as HCl,H:0; 
H2SO.,H20; (COOH):,2H20O; which may be isolated directly from the 
aqueous solutions by freezing. Among the myriads of weak acids listed 
in Beilstein there is not a single one which yields a stable hydrate. Bases 
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behave similarly, although the data here are not so extensive. In the case 
of salts, hydrate formation appears at first sight to change quite erratically, 
yet it is a very significant fact that with mercuric salts (the one series in 
which ionization varies considerably) al] highly ionized salts yield hy- 
drates (e. g., Hg(NOs)2,8H20; HgF2,2H20) while all weakly ionized (e. g., 
HgCle, Hg(CN)2) are non-hydrated. Space does not permit any develop- 
ment of the theoretical side of the subject here, but the conclusion arrived 
- at is that zonization 1s preceded by combination between solvent and solute, 
and may be regarded as a consequence of such combination. 

Before we conclude, let us discuss very briefly the fate of our lost friend— 
the undissociated molecule. The little black boy named Mose, to whom 
we referred previously, was no longer afraid of ‘de ghosts what am,” 
since they had all confided to him the important secret ‘Dey ain’t no 
ghosts,’”’ but he still confessed to being scared of ‘‘de ghosts what ain’t.” 
Just in the same way the proponents of the theory of complete ionization, 
although quite certain that they need not worry about the 16 per cent non- 
ionized fraction which was formerly regarded as present in a 0.1N solution 
of sodium chloride in water (because it ain’t), are still undecided how to 
deal with the exceedingly minute fraction which still must ‘‘am 

An example will make the situation clear. When sodium chloride is 
heated until it vaporizes, and its vapor density is measured, the value ob- 
tained is practically identical with that corresponding to undissociated 
NaCl. ‘The dielectric constant of this vapor is substantially unity, any 
oppositely charged particles existent therein will consequently attract 
one another so strongly that ionic activity is negligibly small. As we in- 
crease the dielectric constant of the medium in which the salt is dispersed 
(which we can do by dissolving it in a series of solvents of gradually in- 
creasing “‘polarity’’) the attractive forces will diminish and the solution 
will become first a poor, then a moderate, and finally a good conductor 
of electricity. But the transition, even if we continue in our series of 
solvents as far as water, is gradual and continuous. We cannot stop 
at any one point and say: ‘‘On one side of this the undissociated molecule 
does not exist, on the other side it does.’”’ Either we must admit that even 
an aqueous solution of sodium chloride contains a minute fraction of un- 
dissociated molecular NaCl, or we must deny the existence of molecular 
NaCl altogether, arguing that in the vapor state we have eared “bound 
ions” [NatCl~]. 

Now enthusiastic followers of the octet theory will find little. compunc- 
tion in choosing the latter alternative, regarding NaCl as a typical polar 
compound in which the passage of an electron from one atom to the other 
is all that occurs in the process of ‘‘combination.” But once more we can 
vary the nature of our substance under consideration gradually and con- 
tinuously, starting with sodium chloride and going through magnesium 
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chloride and aluminium chloride to carbon tetrachloride (a typical non- 
polar compound). Again we find it impossible to stop at any one point 
and say: On one side of this we have nothing but bound ions (where the 
passage of an electron has occurred), on the other side nothing but un- 
dissociated molecules (where pairs of electrons are held in common). 
The distinction between polar and non-polar substances is not fundamental, 
but one of degree only. In no non-polar compound, probably, are pairs of 
electrons held in common so impartially that they will not tend, to some 
(albeit very small) extent, to pass over to one atom rather than to the other. 
In the same way, in no polar compound has the electron passed from one 
atom to another irretrievably, the attractive forces between the two 
atoms, tending to restore it to its original position, must induce some dis- 
tortion of the electron orbits, and occasionally this distortion must ap- 
proximate a sharing of the electron between the two atoms. 

On this point we must await further developments of the Bohr theory 
before more progress can be made. While the quantum theory may be 
utilized to clinch the assumption that there 7s a fundamental difference 
between a “‘bound ion” and an “undissociated molecule” consisting in a 
definite ‘‘orbital jump” of the electron concerned, any attempt to continue 
the discussion on this basis at the present time would be purely speculative. 
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A COMPACT ARRANGEMENT OF THE PERIODIC TABLE 


WortH H. RopEBusH, UNIVERSITY OF ILLINOIS, URBANA, ILL. 


While the numerous and complex physical and chemical relationships 
of the elements can be shown more completely by a space model, the most 
useful form of the periodic table is a two dimensional chart. Such a chart 
can be visualized and if the elements are arranged in a way that is compact 
and according to a system that is not too complex an enormous amount of 
information is conveyed to the eye of the advanced student at a glance, 
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The old Mendeleeff table had these virtues and while its defects are ob- 
vious in the light of recent knowledge, it is still in general use because 
no new arrangement has appeared that is both simple and compact. Some 
recently published tables have the disad- 
vantage of attempting to show too much 
detail. 

Since the number of relationships that 
exist among the elements is so large we 
may feel sure that no arrangement will 
be devised that will show everything. 
It is necessary to sacrifice some relations 
in any arrangement that we may make 
and it seems to me that some of the far- 
fetched chemical relations are among the 
least important. 

A’ satisfactory arrangement of the 
periodic table ought to fulfil at least the 
following conditions: (1) be arranged 
according to atomic number; (2) pre- 
serve the Rydberg periods; (3) show the 
grouping of the- electrons around the 

W. H. Ropesusu nucleus; (4) show the number of valence 

electrons; (5) show the real chemical 

resemblances; (6) indicate the degree to which an element possesses the 

property which is commonly designated as electronegativity. Any other 
relations appear subordinate to those enumerated above. 

The accompanying table! is a tentative arrangement. I shall probably 
modify it a good deal butI | 
believe thatitsgeneralform ““s 224 s67Hm234 6 © 
will prove permanently sat- soa (8 
isfactory. It is based upon 925 mus 
Bohr’s conception of the 
grouping of the electron or- Cos ig Sart ee 
bits without necessarily ac- GEMEREEESEES off 
cepting Bohr’s views as to ey oe Se em 

i Mo Ru Cg In Sp Se Te I 
the motion of the electrons. = - z pao & ; a ROD Y) 


oth ¥o 


Such a group, be it made aca “Fas LaRue zy) m 

up of stationary electrons sm Ob Oe “ne 2) 

or electrons moving in or- er GeT Ble EM 

bits, we shall call a shell, ” hoa Oona 

following the terminology of G. N. Lewis. 
The arrangement consists of 16 columns and seven rows or periods of 


1 See Science, N. S., 59, 480 (1924). 
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elements. The atomic number and atomic weight are printed below the 
symbol for each element. Each row represents an additional shell of elec- 
trons and the maximum number of valence electrons is characteristic for 
each column starting with 1 for the alkali metals at the left and running 
up to the maximum of eight possible to the platinum group, starting over 
again with 1 for silver and running up to 8 for the inert gases. The dis- 
tinction between the valence and the number of valence electrons must be 
emphasized of course for the student. Hydrogen is placed with the halo- 
gens where it belongs and the number of valence electrons for hydrogen 
and helium is printed in parentheses above the symbols for the elements. 
The complete shell structure for the inert gases is shown at the right. 
Some would prefer to designate the shells alphabetically as K, L, ete. 

Those elements whose atoms are capable of taking on the same valence 
and external (7. ¢., chemical) properties are assigned to a single place in the 
periodic table, e. g., the rare earths. It could be argued that cobalt is no 
more like iron than is manganese, but iron and cobalt have a potential maxi- 
mum of eight valence electrons while manganese has not. The actual 
maximum numbers of valence electrons for the two middle columns is a 
variable quantity and this is indicated by the parentheses. 

Cerium is an element which might appear twice in the table. The 
only important chemical resemblances not shown are relations such as 
that of magnesium to zinc and this relation can probably best be shown 
by dotted lines dividing the table into zones of approximately equal 
electronegativity. 

If it might be permissible to introduce a qualitative formula into a 
science which is rapidly becoming exact, we might represent the electro- 


V . 
negativity as a function of 5 where V is the number of valence electrons 


and S the number of shells. The basis of this formula is Coulomb’s 
law and I believe that in a few years we shall calculate the energy changes 
in chemical reactions by means of it. 

No claim is made for originality in this arrangement and many altera- 
tions and additions will suggest themselves to the critic. 


THE VALUE OF TEACHING VALENCE PRIOR TO BALANCING 
CHEMICAL EQUATIONS 
J. A. ERNEST ZIMMERMANN, HicGH ScHOOL, MILLVILLE, N. J. 

It is not the author’s intention to upset or overthrow the method of 
teaching valence but to present a workable method by which the chemical 
equation may be made more interesting and more definite to our high-school 
students. It is not to be disputed that valence was a development and 





384 JouRNAL OF CHEMICAL EDUCATION May, 1925 





outcome of chemical theories and practices. It was developed after 
chemists used the method of representiag reactions by means of symbols, 
but order was only restored after men had a definite idea of valence, which 
has been elaborated and built into its present workable form, especially 
the structural formulas that convey to the mind in a clear and definite 
manner the combining powers of the elements. But why should the old 
traditional, historical idea be followed and valence be taught after the 
student has mastered a few practical equations? Pedagogically, there 
is an advantage in teaching valence first and making it the basis of all 
equational work that follows. ‘The value of teaching valence prior to 
the balancing of chemical equations has been satisfactorily demonstrated 
in the classes conducted by the author during the last six years. 

The method employed can best be shown by a practical illustration. 
‘The two gases which are studied at the beginning of any elementary course 
are oxygen and hydrogen and these,combine to form water; hydrogen 
has a valence of one and oxygen has a valence of two. Water is used as 
the basis for all work that follows. In all valence work the author em- 
ploys the hand as a simile at the beginning, a device which is dropped after 
the idea has been carried over. ‘Thus, hydrogen is considered as one- 
handed and oxygen as two-handed; hydrogen can grasp hands with any 
other one-handed element or any many-handed element, 7. ¢., it can only 
grasp one hand of the many-handed element with its one hand. Oxygen 
is two-handed and can grasp two hands and only two hands, so water 
shows this condition in this manner, H—O-H, oxygen is reaching out with 
two hands grasping in each a hydrogen atom and thus the condition is 
very harmoniously satisfied. 

The second step is to write water as a hydroxide of hydrogen (HOH or 
H-(OH)); in this case it is well to affix the ionic signs H +(OH)~ showing 
that the OH radicle has a valence of one since it acts as a unit and grasps 
the one-handed hydrogen. Using this idea the students are led to de- 
termine the valences of several elements by giving them the hydroxide 
formulas. ‘They experience very little difficulty by this method since 
they have been shown that the OH radicle has a valence of one and the 
reasoning shown to them by bivalent and polyvalent elements leads them 
to tell at sight the combining powers. It may be well to take a bivalent 
hydroxide to illustrate their powers; Ca(OH)2, OH has a valence of one, 
there are two OH groups linked with one atom of Ca, therefore Ca must 
have a valence of two. ‘To this the student must affix the ionic signs, first 
the negative to the known OH group and then the positive to the Ca. 

The third step is to have every one acquainted with the formulas of the 
common acids employed in their laboratory work, HCl, H2SO, and HNOs3. 
Since they have learned that hydrogen has a valence of one they can be 
very readily taught the valence of the negative radicles H2(SQx), and 
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H(NOs;). Using this as a basis, they are able to determine the valences 
of the elements in combination with the radicles to form the salts. 

The above method shows the adolescent mind that valence is not a 
matter of memory training but of reasoning. A drill of this kind at the 
same time fixes the most important valences in the mind of the student 
without any apparent strain. It will no doubt be well to cite instances 
occurring in the classroom with a trivalent element and a bivalent radicle, 
Ale(SO.)3. Knowing that this is a compound of sulfuric acid, (SO,) 
has a valence of two, Ale(SO,)3~~, but there are three SO, radicles in com- 
bination with two of Al, therefore, there are six valence bonds in that 
radicle. Now since there are two Al atoms combined and held by six 
valence bonds, the valence of Al must be six divided by two, or three. 

The foregoing knowledge and training has been found very valuable 
to students learning to. balance equations, since it is a mathematical 
basis for reasoning that can readily be seen. ‘To illustrate—and the stu- 
dents have always enjoyed this—use the equation representing the reaction 
for the preparation of hydrochloric acid with sodium chloride and sulfuric 
acid. It is well to teach that the first element of the first compound usually 
unites with the second element or radicle of the other compound. 


Na| Cl + H:|SO, = HCl and [Nalct + He [$0] = NaSO, 


combining 





NaCl + H.SO, = HCl + NaS0O,. 


Since the knowledge of valence has been made a prerequisite it is very 
easy to balance, first the formula and then the equation as follows: in 
HCl, chlorine has a valence of one since it is linked to one hydrogen, 
therefore the valence of Na is one. 


NatCi- + H.(SO,) = H+Cl~ + Na(SO,). 


The SO, radicle has a valence of two since two hydrogens with a valence 
of one are linked with it, and since Na has a valence of one (from above) 
it requires two atoms of Na to link with SO, to balance the formula, 


NaCl + H2(SO.)-- = HCl + Naz(SOx)--. 


However, this only balances our formulas. There are two atoms of H 
in the left member of the equation and only one in the right member. 
There are also two atoms of Na in the right member which are required 
to balance the formula but only one on the left. This means that the 
molecule of NaCl has to be doubled which also gives us two atoms of Cl 
which combine with the two atoms of Htoform HCl. The equation is then 


2NatCl- + H2+(SO,)-- = 2HCI + Nazt(SO)--. 


Checking and taking account of stock, two atoms of Na in both members, 
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two atoms of Cl in both members, two atoms of H in both members and 
one radicle of SO, in both members. 

The author has employed the foregoing method during the last six 
years with excellent results and the students have learned to equate more 
quickly and more efficiently than by the other method. The evolution 
of this method was due to his inability to grasp the process of equating 
during his high-school course in chemistry, nor did he grasp the idea 
- until he had reasoned himself through the problem of valence by shaking 
off the old historical development and conservatism and employing the 
pedagogically, logical procedure as outlined above. It was the mastery 
of valence that unlocked the door to the enjoyment of balancing equations. 
This mastery has been one of his greatest aids in teaching that part of 
chemistry to secondary students. 


= 


THE IMPORTANCE OF MAINTAINING INTEREST IN CHEM- 
ISTRY IN THE TEACHING OF STUDENTS OF HOME ECONOMICS 


EpitH H. Nason, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


No one will contradict the statement that girls dread and usually dis- 
like chemistry as it is presented at most institutions, and the reasons are 
not generally understood. Since there is probably no vocation for women 
other than chemistry itself which requires more chemistry than home 
economics, an unusual opportunity to investigate the misfit between chem- 
istry and women students presented itself at the annual meeting of the 
Illinois Section of the American Home Economics Association, which met 
at the University of Illinois, Urbana, Illinois, October 24 and 25, 1925. 

A questionnaire on the relation of chemistry to home economics was 
distributed at this meeting to the members present, the majority of whom 
were teachers of home economics in the State of Illinois. 

The questions asked may be divided into two classes: those pertaining 
to the actual use made of chemistry by the teachers of home economics 
in their vocation, and those pertaining to the adequacy of the chemistry 
courses taken to fulfil these needs. The answers to the questions of the 
first type indicate that a considerable amount of chemistry has been taken 
which is being used constantly by the home economics teachers in the high 
schools and, as would be expected, in the colleges. (Of the 103 replies, 
88 were from high-school teachers and 15 came from college instructors.) 
It was interesting to learn that every teacher had had at least one course 
in elementary chemistry, 75% had taken organic, 50% qualitative analysis, 
40% food chemistry, and 20% quantitative analysis. 85% of the teachers 
said they used their chemistry in their work, and the same number now 
wished they had taken more chemistry. It was obvious from their an- 
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swers that the teachers of home economics realize fully the importance of 
chemistry in home economics, and are doing their best to give a similar 
impression to their students. 

The application of chemistry to certain industrial processes for the man- 
ufacture of chemicals and a few every-day commodities has long been 
taught in a few institutions, but little effort has been made to show the 
application of chemistry to home economics. Seventy-seven per cent of 
the teachers reported that the value of chemistry in home economics had 
in no way been shown by their chemistry teachers, and many have told 
me that they would have taken more, and would have been more interested 
in chemistry itself, had they known it had so much contact with home eco- 
nomics. One teacher writes, “I feel that enough application should be 
made in the chemistry class for the student to realize that there is some 
relation.”” Another writes, ‘‘I saw neither the present nor the future value 
of the chemistry course even after I had finished it.” 

It appears then that teachers of home economics feel the need of chem- 
istry in their vocation but that the chemistry courses taken are not fully 
appreciated and therefore not comprehended. It is primarily due to a 
deficiency in the practical applications of chemistry, and particularly those 
related to home activities, that the chemistry courses have failed to ful- 
fil the needs of the teachers of home economics and to arouse their interest. 

Attempts by the chemistry department of the University of Illinois 
to increase motivation of this kind, have resulted in a division of students 
in general, according to their interest. For example: all students majoring 
in home economics, taking elementary and qualitative chemistry, are in 
sections by themselves. A large per cent of the girls taking chemistry 
were found to be majoring in home economics. ‘The instructor in charge 
of these sections is able to stimulate an interest in the students by selecting 
as illustrative material, examples from the home. At the same time, the 
instructor can point out again and again the value of chemistry in home 
economics. If the grade of the student can be used as a proof, this method 
may be deemed successful, for the per cent of A’s has notably increased 
while the per cent of E’s is very much lower since the plan was adopted. 

The course has not developed into the well-known and much scorned 
household chemistry, for the students in the home economics sections take 
the same examinations as the other students. The fundamental principles 
discussed are the same but they are made real by careful selection of illus- 
trative material. For example: the value of a knowledge of saturated 
and supersaturated solutions in home economics is illustrated by its role 
in candy making. Many practical questions are asked which require an 
understanding of principles, as, for example: ‘Why are sugar crystals in 
fudge finer if the solution is cooled before beating?”” When heat of com- 
bustion and the calorimeter are discussed in class, the instructor describes 





388 JOURNAL OF CHEMICAL EDUCATION May, 1925 





briefly a respiratory calorimeter and its value in nutrition. A brief dis- 
cussion of such refrigerators as Fridigaire is given along with the am- 
monia ice machine, more often described. During the study of chlorine, 
bleaching is discussed more in detail than usual, and practical methods of 
using chloride of lime are given. In fact, there is hardly a day when some 
interesting application of chemistry to the home cannot be made. 

The laboratory work in qualitative analysis can be made more interesting 
by allowing the students to analyse near the end of the course any of the 
“many samples of every day substances such as baking powders, baking 
soda, cream of tartar, talcum powders, De Miracle, Odorono, etc. 

Such motivation is in line with the modern method of education and the 
returns have justified its trial. Chemistry sections no longer contain a 
few girls struggling with chemistry which is taken only because it is re- 
quired. Instead we have live sections of all girls, the majority of whom are 
interested in chemistry for they see its application to the field which they 
have chosen as their vocation. 

The table below will assist those teachers of chemistry who are not very 
familiar with the applications of chemistry in the home. Frequent refer- 
ences have been made to ‘‘Chemistry for Nurses and Students of Home 
Economics,” by Annie Louise Macleod. This bogk will be found ex- 


tremely useful in helping the chemistry instructor select practical illustra- 
tive material which will be of particular interest to girls. It will also be 
noted that a great many of the applications can be found in any of the text- 
books of general chemistry. Specific texts have therefore been omitted. 
In general, references have been confined to as few books as possible. 


CHEMISTRY Irs APPLICATION 


Oxygen Function of oxygen in plant and animal life*-* 
Ozone Practical use 
Combustion Calorimeter??? 
Respiratory calorimeter® 
Spontaneous combustion? 
Hydrogen Its presence in artificial gas! 
Hydrogenation of oils*4 
Laws of gases Pressure cooker!® 
Heat of fusion and vaporization Cooling effect of perspiration—alcohol baths? 
Ice machines for cold storage and the man- 
ufacture of ice! 
Ice machines for homes 
Lowering of freezing point Manufacture of ice cream 
Efflorescent and deliquescent salts Washing soda, common salt, etc.! 
Hard waters Formation of scale and removal of scale’? 
Water softeners!” 
Reaction with soap)? 
Colloidal solution Colloids. found in foods?’®’® 


* Numbers refer to books listed at end of article. 
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CHEMISTRY 


Saturated and supersaturated solutions 


Inorganic salts 


Effect of heat on solubility in water 


Chlorine 
Chloride of lime 
Sodium hypochlorite 


Bromine 
Iodine 


Sulfur compounds 


Phosphorus compounds 


Nitrogen compounds 


Arsenic 


Carbon 


Oxides of carbon 
Hydrocarbons 


Halogen derivatives 


Metals 


Galvanized iron 


Enamel ware 


Its APPLICATION 


Crystalline candy making"! 

Importance in metabolism? 

Common salt 

Sugar 

Household ammonia 

Bleaching! 

Use in purification of water and prevention of 
colds!8 

Its use in the home for bleaching and anti- 
septic purposes!® 

Preparation and use for removing stains)? 

Use of bromide as sedatives? 

Relation to goiter! 

Tincture of iodine’? 

Removal of iodine stains by NazS,0s3! 

Presence in protein?4 

Their presence in foods* 

Effect on silver and other common metals? 

SO, as a preservator and bleacher* 

Importance in bone formation? +4 

Presence in proteins?*4 

Composition of matches! 

Presence in foods 

Importance in protein metabolism? *4 

Household ammonia! 

Smelling salts? 

Its toxicity and presence in fly papers, rat- 
bane, etc. 

Antidote for arsenic poisoning? 

Hard and soft coal!’ 

Coke and charcoal!8 

Use of animal charcoal in purification of sugar, 
etc.158 

Presence and practical use? 

Presence in natural and artificial gas!® 

Present use of ethylene as an anaesthetic!” 

Carbon tetrachloride (carbona) chloroform, 
etc.? 

The importance of a certain knowledge of 
strength, solubility, etc., for a wise selec- 
tion and proper methods of handling of 
kitchen utensils 

Composition and uses of the more common 
alloys: brass, sterling silver, german silver, 
dental alloy, solder, pewter, nichrome, stain- 
less steel»? 

Preparation, corrosion and limitation of its 
use!? 

Preparation, corrosion and limitation of its 
usel:? 
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Tin plate Preparation, corrosion and limitation of its 
usel»2 
Silicon compounds Sand)8.9 


Water glass!-%9® 

Window glass, cut glass, plate glass!-%® 
Pyrex glass!»%9 

Colored glass? 


Carborundum! 
’ Function in nutrition!” 
Sodium compounds, NaCl Cause of its deliquescence! 
Value of its use with vinegar for cleaning brass 
and copper 
Effect on freezing point of water! 
NaOH Use in the manufacture of soap? 
Washing soda As a water softener versus soap? 
Na,CO;.10H:O Its efflorescent property 
Baking soda Effeet of heat? 
NaHCO; Effect of acids? 
Use as a leavening agent‘ 
Baking powders Composition of the various types and re- 


action of each with water and heat‘ 
Qualitative analysis’ 
Copper compounds Composition of tarnish and removal? 
Use in preparation. of foods? 
Toxicity 
Fehling’s or Benedict test!-2? 
Biuret reagent”? 


Zinc compounds Their toxicity? 
Use of the oxide in paints, enamels, medical 
salves! 
Mercury compounds Composition and use of calomel and “‘bi- 
chloride’? - 
Aluminum and its compounds Solubility of the metal! 


Composition and uses of alums in baking 
powders and mordants!»4 
Use of the oxide as emery! 
Clay, pottery, porcelain’ ® 
Importance in nutrition!’ 
Lead Danger in the use of lead in pipes for drinking 
water? 
Storage battery! 
Litharge and glycerin for leaks 
Lead tetra ethyl in gasoline’ 
“ Iron Composition of steel—stainless steels! 
Importance of iron for body processes*»*4 
Iron rust and its removal from cloth! 






Nickel As a catalyst in hydrogenation processes! 
Boron Composition and uses of borax and boric 
acid! 






Thorium and cerium Use in gas mantles! 
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CHEMISTRY Its APPLICATION 


Silver and its compounds Composition of sterling silver 
Preparation of silver plate 
Lunar caustic—use in medicine! 
Effect of light on lunar caustic 
Preparation of silver mirrors 


Calcium compounds Importance in bone formation? 
Presence in foods‘ 
Lime Water softener 
In mortar and cement! 
Calcium carbonate Marble? 


Chalk—composition of putty! 
Its formation from hard water! 
Calcium sulfate Plaster of Paris and method of setting! ? 
Magnesium compounds Composition and use of milk of magnesia; 
soap stone or talc; epsom salts; 85% 
magnesia; asbestos! 


1 “General Chemistry,” Deming or any other general chemistry textbook. 

2 “Chemistry for Nurses and Students of Home Economics,” MacLeod. 
3 “Physiological Chemistry,” Mathews. 

4“Food Products,” Sherman. 

5 “Applied Colloid Chemistry,’’ Bancroft, pp. 263, 264, 266, 271, 309. 

6 “Colloidal Behavior—Practical Applications,” Bogue, pp. 605, 683, 784. 
7“Food Analysis,’ Winton. 

8 “Chemistry in the Service of Man,” Findlay. 

9 “Practical Chemistry,’? Black and Conant. 

10 “Successful Canning and Preserving,’ O.. Powell. 

1 Industrial and Engineering Chemistry, 16, 513 (1924). 

12 Journal of American Medical Association, 83, 2062 (1924). 

13 Tbid., 82, 764 (1924). 

14 Tbid., 77, 1068 (1921). 

18 Journal of American Society of Heating and Ventilating Engineers, 30, 711 (1924). 
16 Chemical Bulletin (Chicago), 10, 283 (1923). 
17 Journal of Biological Chemistry, 63, 145 (1925). ° 


CHEMICAL RESEARCH PROBLEMS! 
W. C. CwHapin, OBERLIN COLLEGE, OBERLIN, OHIO 


Some time ago circular letters were sent out by a committee of the 
Educational Division of the A. C. S. asking for research problems suitable 
for teachers or undergraduate students with limited time and equipment. 
The purpose in the mind of the committee was to give those who have not 
been doing research a point of departure, the hope being that, when thus 
started, they would continue to be actively engaged in research. 

1 The committee hopes that new problems may be sent in to be printed at a later 
date. The committee expects to continue functioning as long as it serves any useful 
purpose. 
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The response has been rather favorable, and the committee now wishes 
to present the following list of problems. Very little attempt has been 
made to classify the problems, although it will be noted in some cases that 
several problems fall naturally into a related group. Consecutive numbers 
are used for the sake of easy reference. The language is usually that of 
the donor of the problem, hence the quotation marks. 

That it may be known whether this effort has been of service, the sug- 
gestion is made that the committee (W. H. Chapin of Oberlin College, 

" Oberlin, Ohio) be informed when any problem is taken up for solution. 


1. “Solubility of silicates such as calcium and magnesium silicates. 

“These substances, we know, are relatively insoluble, but we have no conception 
as to whether their solubility increases or decreases with the temperature. In a com- 

munication I have from Dr. Sosman of the 
Geophysical Iaboratory, who is writing one of 
the chemical monographs on silica, in all tests, 
so faf as he knows, there has been nothing done 
along the line of solubility, that is, he feels it 
is a colloidal proposition and that the silica, 
dissolved or in colloidal form, hydrolyzes rapidly 
as the temperature increases. We meet these 
silicate scales in the hot sections of the boiler, 
and the magnesium silicate is usually deposited 
as the salt of H,SiQ,.”’ 

2. “Solubility of magnesium sulphate, 
especially at temperatures above 100°. 

“If. one uses the solubility data available 
in the tables, the breaks in the solubility curves 
which must occur at the points where the change 
from one hydrate to another occurs, are en- 
tirely lacking. Hence, with an autoclave of 
almost any sort, somebody could work through 
the solubilities involved in magnesium sul- 
phate.” 

8. “Rate of decomposition of bicarbon- 

W. C. Capin ates with temperature increase, and with differ- 
ent strengths of solution. 

“T have some data on this as regards sodium bicarbonate, but I am in a position 
where it can’t be published and in all it is a very interesting proposition. Any auto- 
clave that will work up to say 50 pounds pressure ought to be about all the equipment 
necessary beyond the ordinary analytical supplies.” 

4. “Rate of decomposition of carbonates at temperatures of from 100° to 200°C. 

“This is an intensely interesting field of equilibrium chemistry. Of course we 
know that sodium carbonate changes practically to 100% sodium hydroxide in time, 
and with evolution of carbon dioxide. We know nothing, however, of the variations 
or the rates with variations in concentration of solution and temperature and the 
partial pressure of the carbon dioxide gas in equilibrium.” 

5. ‘When one wishes to have solubility data on magnesium carbonate in the ab- 
sence of carbon dioxide partial pressure, he finds nothing available.” 

6. ‘‘Recovery and use of carbon dioxide from lime kilns. 
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“At the present time over 1,000,000 tons of carbon dioxide is produced annually 
and wasted from lime kilns. The concentration of carbon dioxide in these kiln gases 
will probably average around 30% and an economical method for the recovery or use 
of this carbon dioxide would be a step toward conservation.”’ 

7. ‘Use of lime for the clarification and neutralization of oils. 

‘Most vegetable oils are neutralized and clarified by the use of caustic soda. It 
has been found that the substitution of lime for caustic soda produces a more nearly 
colorless oil and one which becomes rancid less easily. Certain difficulties are involved 
in this lime treatment, the chief of which is the separation of the calcium soap and the con- 
sequent low percentage recovery. It should be possible to overcome these difficulties.” 

8. ‘Microscopical and microchemical investigation of limes. 

“Methods for the ready microscopical identification and determination of the ordi- 
nary constituents of commercial limes would be very valuable aids in plant control.” 

9. “Increase of the rate of reaction of lime with the hardening constituents of 
waters and acceleration of the rate of settling of the sludges. 

“The rate of reaction of lime with calcium carbonate, magnesium carbonate, etc., 
in hard waters is relatively small and many times is not complete before the water in the 
average filter plant gets upon the filter. In such cases there is a continuous reaction 
and deposition of calcium carbonate on the filter and occasionally in the mains and me- 
ters. Means and methods for accelerating these reactions would obviate certain diffi- 
culties in water treatment.” 

10. “Relation of the magnesia content to the rate of settling of milk of lime and 
to other properties of the lime. 

“The magnesia content of lime for a number of processes is limited because of the 
supposition that the presence of magnesia may have certain undesirable effects in the 
process in which the lime is used. For example, it is supposed that the presence of mag- 
nesia in lime used for causticizing, delays the settling of the carbonate sludge. It is 
frequently supposed also that it may inhibit the settling of bleach sludges made from 
bleaching powder. The evidence, however, is not conclusive. These questions ought 
to be answered. Other supposed effects of the presence of magnesia should also be in- 
vestigated.” 

11. ‘Use of lime in the disposal of industrial wastes. 

“The use of lime either alone or with other coagulants such as ferrous sulphate 
has been found useful in the disposal of wastes from creameries, dairies, and in the 
treatment of sewage. An extensive investigation of the possibilities of the use of lime 
in this connection should develop some interesting information.” 

12. ‘‘Methods for the separation of magnesia from dolomitic limes. 

“Magnesite is a material which is available only locally, the larger supplies existing 
on the Pacific coast. An economical method for the operation and recovery of mag- 
nesia from dolomitic limes which are everywhere available should prove of value to 
those industries utilizing magnesia.” 

13. ‘The colloidal properties of commercial limes. 

“Little is known of the nature and the quantity of the colloids existing in com- 
mercial limes, particularly in hydrated limes. The relation of these colloidal materials 
to the properties of the limes is little understood.” 

14. “Sand carrying capacity of commercial limes. 

“‘Plasters, mortars, etc., are prepared by adding sand to slaked lime. At the 
present time the determination of the required quantity of sand is left to the decision of 
the laborer at the mortar box. ‘There are no satisfactory methods for determining the 
amount of sand that should be added to a particular lime. A method for this deter- 
mination would eliminate considerable guess work and personal equation, and avoid 
numerous failures.’ 
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15. ‘Development of a quick-setting lime plaster. 

“Lime is a very valuable plastering material but, for use under certain conditions, 
sets too slowly to be economical. Treatment of the lime or the addition of materials 
to the lime to produce a product which would set in approximately the same length of 
time as hard wall plaster would make possible the use of lime under conditions where 
it can not now be used.” 

16. ‘The approximate analysis of limestone. 

“A known weight of ground limestone is dissolved in an excess of standard acid 
and the excess acid titrated. The result is calculated as calcium carbonate equivalent. 
By means of a separate determination of the insoluble residue and of the precipitated 
iron and alumina it is possible to calculate the percentages of CaCO; and MgCO; in 
the stone without a separate determination of the CaO and MgO. ‘The literature has 
shown in the past that some work has been done.” 

“J. Ind. Eng. Chem. 8, p. 42. Results obtained should be compared with those of 
a regular analysis.” 

17. ‘The action of a powdered limestone on acid phosphate when mixed together 
in a fertilizer. 

“The available portion of the phosphoric acid in the acid phosphate is decreased 
by this mixing with limestone. Does the limestone do this by rendering the water 
soluble portion insoluble or by changing the secondary calcium phosphate, CaHPQ,, 
into the tertiary form, Ca;(PO,)2? After making up such mixtures they should be 
analyzed at once for available phosphoric acid and after intervals of standing to ob- 
serve how long this reverting action continues.” 

18. ‘“Alloys—Corrosion, Its Cause, Prevention,” book, Alan A. Pollitt, D. Van 
Nostrand Co. . 

Also Survey on Corrosion—National Research Council, 1701 Massachusetts Ave- 


nue, Washington, D. C. 

19. Aluminum Solders, Bureau of Standards, Circular 78; J. Ind. Eng. Chem.. 
11, 502 (1919). 

20. Aluminum Fluxes, Chem. and Met. Eng.; 28, 776 (1923). 

21. Aluminum Welding. 

22. Boron—Preparation and Properties, J. Ind. Eng. Chem., 5, 106 (1913); 
Trans. Am. Electrochem. Soc., 16, 165 (1909); Z. anorg. Chem., 99, 123 (1917); J. Chem 
Soc., 112, II, 373 (1917). 

23. Borides—especially the very hard ones. 

24. Improved Metallurgy of the Elements—Calcium, Magnesium and Others, 
Chem. and Met. Eng., 26, 987 (1922); Electrician, 88, 90 (1922); J. Ind. Eng. Chem., 14, 
864 (1922). 

25. Fireproofing of Fabrics, J. Ind. Eng. Chem., 11, 590 (1919), Chem. Trade 
J., 64, 280 (1919). 

26. Oxy-chloride Cements, Chem. and Met. Eng., 27, 1207 (1922). 

27. Allotropy. 

28. Passivity, Trans. Am. Electrochem. Soc., 29, 217 (1922). 

29. Qualitative Analysis of the Anions. A systematic scheme of analysis similar 
to that used in analysis of metal ions. 

80. Qualitative Analysis of the Rarer Elements, Especially Beryllium, Zirconium 
Titanium, Columbium, Tantalum, Uranium, Vanadium, Etc. See “Analytical Chem 
istry of Rarer Elements,” L. J. Curtman, College of City of New York, New York City 

31. Mechanism of the reaction involving the synthesis of quinoline from aniline 

Several of the standard textbooks differ in their explanations of the mechanism. 

32. Systematic study of the action of thionyl chloride upon various organic acid: 
so as to determine the applicability as well as the limitations of the reaction. 
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“Yields should be carefully determined by obtaining the acyl chlorides, the reactions 
being conducted with at least ounce lots of acid in contrast to the methods of the physical 
chemist who may obtain a theoretical yield without isolating anything.” 

33. ‘Resolution of dl-alcohols by esterification with optically active acids. 

“dl-sec. Butyl alcohol is now a cheap commercial product. It seems probable that 
a separation could be effected by esterification with d-tartaric or /-malic acid, assuming 
that the rate of esterification would be different for the two isomers. (Have not looked 
up literature on this point.)” 

34. A study of the comparative rates of peptic and tryptic proteolytic digestion 
of a pure substance, such as casein. 

The rate of formation of amino acids studied by both the Sorenson and Van Slyke 
methods. 

35. Conversion of sugar to citric acid by oxidation methods. 

36. “One of our electrical engineers has a belief, based on theoretical grounds, that 
colloidal solutions of powdered mica and mineral oils or mineral waxes, if they can be 
prepared, will be superior insulators for certain applications.” 

The Acme Wire Company, New Haven, Conn., can supply the mica as finely ground 
as it can be obtained commercially (164 mesh) and can also supply ceresin, transformer 
oils, etc. 

37. “The study of conditions which affect organic reactions. 

“Almost any reaction in organic chemistry is worth further study from this point 
of view. The nitration of phenol always yields a tarry mass in addition, to the ortho 
and para nitro phenol. What is it? Why do we get it? How can we avoid it? The 
yield of chlorbenzene by Sandmeyer’s reaction is far from quantitative. Can it be 
improved by changing temperature, concentrations of the reacting substances, etc.?” 

88. “The extraction of residual edible oils from Fuller’s earth used in clarification. 

“T understand that there is something like 20% of oil remaining in the earth, and 
no commercial method of removing it has so far been brought to my attention. There 
are naturally many laboratory methods of doing it, but in order to be of value the process 
must be cheap enough to make it worth while.” 

39. “Great accuracy in volumetric work requires the use of the weight buret. 
It is frequently necessary to change weights to cc. and the reverse. ‘This requires the 
densities of solutions. So far as I know the way is open for someone to collect and work 
out a list of densities of standard and much used solutions of say, N, 0.1 N, 0.05 N 
concentration, for example KMnQ,, Na:S.03, HCl and the like. This would afford 
excellent training in accurate work. In this instance very little would be required be- 
yond what his laboratory would contain or should contain in any case.” 

40. “In dealing with a solution containing nitric acid, as for instance when we 
have bismuth in solution, what concentration of HNO; will cause the hydrogen sulfide 
to begin to decompose? In other words just how much HNO; can we use without 
filling the solution with free sulfur and H:SO, and if we also have fifth group metals, 
causing the barium to precipitate with the second group in the form of a sulfate. Time 
and again our students have lost barium completely because it appeared with the second 
group.” 

41. “Frequently cadmium fails to appear in the second group due to the fact that 
we have arsenic or antimony present and these must be held up with a considerable ex- 
cess of HCl. Just what are our limits? These points may all have been determined 
but I do not think they have been compiled.” 

42. ‘How may we be sure to prevent the formation of a colloidal precipitate in the 
second group when we have copper, or in the fourth where we have nickel and cobalt?” 

43. “In quantitative analysis how may we prevent occlusion when we make a 
precipitation in presence® of a salt that is non-volatile and which clings to our precipi- 
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tate in spite of all efforts to wash out. Many of these questions are solved by resolution, 
but may we by means of other reagents prevent occlusion or adsorption, whichever you 
wish to call it, entirely.” 

44. “In my own work I am trying just at present to determine the probability 
that coal will ignite spontaneously in storage, in advance of its storage. I have some 
data from an English chemist, Brahme, but have not gone very far withthe work. That 
is an interesting question for others. It has been suggested that spontaneous ignition 
is due to the presence in the coal of unsaturated compounds, now may we work out some 
test that will tell us just which coals contain enough unsaturated compound to cause 
too rapid absorption of oxygen on storage or may we by determining the rate at 
which different coals will absorb oxygen indicate the probability that they will go 
bad?” 

45. ‘Put some B.O; crystals in hot water and watch without stirring. Some ad- 
sorbed gas is liberated and often lifts individual crystals to the surface. What is this 
gas? Air, or constituents selectively adsorbed?” 

46. What is the isoelectric point of dilute clay suspensions under the various con- 
ditions found in natural waters? 

47. What is the electrical charge of the suspensoids at different px’s and how is this 
affected by different salts in natural waters, on each side of the isoelectric point? 

48. “Is aluminium hydroxide always a positive colloid as the literature says, or 
is it positive on the acid side and negative on the alkaline side of the electric point? 
Some of my work seems to show that best coagulation takes place when the floc is 
neutral thus destroying the theory that positive aluminium hydroxide precipitates 
negative clay particles.” 

49. What is the charge and isoelectric point of color in, natural waters? May 
not color be negative sometimes but positive at others? If the px value of a water is 
changed, as it is in water purification, is the coloring matter changed from positive to 
negative or vice versa? 

50. “Every factory that I know of has what we call a ‘junk heap’ or a ‘grave 
yard.’ In a ‘junk heap’ barrel hoops, broken pipes and iron and steel refuse of all 
kinds accumulate, and it is a most difficult thing to sell these or to know what to do with 
them.” 

Some time ago, when I had a little more time than I have now, I attempted to 
dissolve some of this iron scrap and precipitated it so as to make the “‘yellow hydrated 
oxide” or the “‘burnt ferric oxide,”’ both of which have a value as paint materials. It 
must be done with very cheap chemicals, otherwise it will not pay, but it is a problem 
that ought to be worked out successfully, on a large scale, by someone. 

51. ‘‘Another interesting problem occurs to me that has been worked on to some 
extent in connection with anaesthetics. It is known that ether subjected to the ac- 
tion of air and light will ‘go bad,’ forming aldehydes, peroxides, etc., and probably is 
the cause of much damage to the patients in operations. Dr. Baskerville did some work 
on this. I did some also but I do not think the problem has been fully worked out as 
just to what conditions cause the formation of the by-products, how they may be avoided 
and what their physiological action is.’ 

52. “If the determination of carbon in steel were once worked out carefully to 
show the effect of moisture before and after the combustion tube as well as the effect 
of hydrogen in the steel it probably would not be difficult to adapt existing methods to 
the new conditions. The influence of sulfur on this determination also deserves study. 
It would be necessary to show why the copper sulfate and metallic zinc, now so often 
included in the train, may do more harm than good.” 

53. “Phosphorus cannot be reliably determined in pig irons, and like difficulties 
are encountered in steels containing tungsten and vanadium.” 
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54. “Sulfur cannot be reliably determined by any existing method under any 
circumstances or in any iron, steel, or alloy steel.” 

55. “Only certain methods out of several in use give good results on manganese. 
These should be studied comparatively and the faults pointed out. 

“The same comments apply to chromium and vanadium.” 

56. ‘Tungsten cannot be reliably determined by any known methods in either 
steels or alloys.” 

57. “Better methods for cobalt are necessary. Williard’s work is not adapted 
to steel works laboratory conditions, and in addition is not sufficiently accurate.” 

58. Constitution and behavior of fluoboric acid. 

In recent years solutions containing hydrofluoric acid, fluorides and boric acid have 
been applied in electrodeposition to a considerable extent. The so-called fluoborate 
solutions have been especially useful for lead plating (Trans. Am. Electrochem. Soc., 
36, 243 (1919)). More recently such compounds have been used in nickel deposition 
(Trans. Am. Electrochem. Soc., 39, 459 (1921)). 

It has long been known that when hydrofluoric and boric acids are mixed, com- 
pounds having different properties from either are formed. Considerable work has 
been done upon the composition of the so-called fluoboric acids and is reviewed in some 
detail in Gmelin-Kraut. From the information so far obtained it is evident that such 
compounds are complex in character and some at least are unstable. As a result of 
this uncertainty in constitution and behavior it is very difficult to determine even 
approximately either the constitution or composition of plating solutions containing 
the above constituents. It would be very desirable to determine by all available meth- 
ods of research the constitution of at least the simpler compounds of this group and also 
if possible to devise a method for the analysis of solutions containing such compounds, 
Among the most obvious methods of study would be the determination and correlation 
of the conductivity and hydrogen-ion concentration of solutions prepared from various 
constituents. 

59. Determination of boric acid in electroplating solutions. 

The composition of nickel plating solutions varies greatly. A typical formula is 
as follows: 


Nickel sulphate N 
Ammonium chloride 0.25N 
Boric acid 0.25N 


- 


In addition solutions frequently contain as intentional additions ammonium sulphate, 
magnesium sulphate, sodium chloride, and in special cases sodium fluoride. As im- 
purities they are likely to contain small amounts of iron, copper and zine. Any cobalt 
which is present is usually considered as a normal accompaniment of the nickel. 

It appears that the most promising direction would be the application of appro- 
priate indicators and the determination of whether they might be used in the presence 
of the nickel salt. Some work has been done in one of the college laboratories on this 
subject but the results so far obtained are not entirely satisfactory. 

60. The determination of cyanides in electroplating solutions. 

A method for the determination of total cyanides in zinc-plating solutions was de- 
veloped by Dr. C. M. Carson and is described in Bureau of Standards Technologic Paper 
195. The problem which is therefore particularly in need of study is the determination 
of free and total cyanide in copper- and’ brass-plating solutions. 

This study should include the determination of the cyanogen content of commercial 
cuprous cyanide which is used extensively. It is probable that with appropriate 
modifications a method may be applied to the analysis of that material and of the copper- 
and brass-plating solutions. Before any reliable method can be developed it will be 
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necessary to secure definite information regarding the reactions which occur in the solu- 
tion of cuprous cyanide or basic cupric carbonate in sodium cyanide to form the double 
cyanides. 

61. The problem is to ascertain whether the action of syrupy phosphoric acid on 
pseudo ionone at higher temperatures, for example, 75°, 100°, 120° would not result in 
giving a good yield of an interesting new hydrocarbon. 

Preparation of Phenyl Ionone-—To 150 g. of 85% phosphoric acid warmed to 30°, 
20 g. of phenyl pseudo-ionone was added drop by drop at the same temperature and the 
mixture well stirred for 30 minutes. After dilution with water, extraction with ether, 
and removal of the latter, the product was distilled in a rapid current of steam. The 
oily distillate was extracted and fractionated under diminished pressure; yield 11 g. 
(55%); b. p., 172-175° (4.5mm.) An examination of the analytical data for the phenyl 
ionone shows that the carbon content is approximately 2% high and, .in spite of con- 
siderable effort and time spent in attempting to purify the material, it was not found 
possible to obtain a closer agreement. The phenyl pseudo-ionone used was a pure 
product and the only explanation which can be suggested is the possibility that the phe- 
nyl ionone undergoes a partial further condensation with formation of the bicyclic 
hydrocarbon (CisH2, VII or VIII), the presence of which is responsible for the high 
carbon values. This could be tested out by heating phenyl pseudo-ionone at a higher 
temperature (100°) with the syrupy phosphoric acid. ‘ 

62. A method of correlating the various sugars and their derivatives by relation- 
ships between structure and rotatory power. J. Am. Chem. Soc., 46, 462, 477, 483. 

63. Chemistry of the sugars. 

“Tt seems to me that the problem of finding a natural source of the tetrose sugars 
offers opportunities of the sort that you have in mind. ‘Those sugars that are found in 
nature in the combined or ‘compound’ form are often found in gums that are exuded 
by plants and trees in an effort to heal their wounds. Thus the gum found in old wounds 
of the cherry tree yields, when hydrolyzed, the pentose arabinose. As far as I know 
no such source for any of the tetroses has been discovered and we know therefore com- 
paratively little about these sugars. An exploration of any gums of this kind found in 
nature might yield extremely valuable results and would certainly offer training in 
technique to anyone who undertook it. I cannot give specific references of course for 
such a vague problem but a thorough reading of the works on the sugars and the papers 
of the Government Carbohydrate Laboratory would naturally precede the undertaking 
of such work. ‘The Carbohydrate Laboratory should also be consulted before work on 
any specific gum is begun in order to be sure that the proposed work has not already been 
done.” 

64. Study of ternary and quaternary alloys. 

Read the past twenty years of the Z. anorg. allgem. Chem. and follow that 
with a review of the subject in the Journal of the London Chemical Society. ‘This might 
well be attended by considerable reading on the general subejct of modern metallog- 
raphy. 

65. Occlusion is a subject of colloid chemistry which has received very little 
attention and a preparation in physical and analytical chemistry is essential. Ban- 
croft’s book has a lot to say about it, but occlusion in the ordinary precipitates of ana- 
lytical chemistry has scarcely been touched. 

66. Cause of the protective action which sodium silicate exerts on aluminum in 
the presence of alkalies and alkali carbonates. 

This protective action has been recently described in an article in Chem.-Zig. 
and there was a good article on the same subject in one of the British journals some time 
before, which is referred to in the above-mentioned German article. 

67. Solubilities in non-aqueous solvents. 
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Under this topic would of course come the determination of solubilities in all non- 
aqueous solvents that have ever been used, and a number of others that have never yet 
been used. I should think perhaps that the best start might be made with anhydrous 
liquid ammonia. Franklin and Kraus (Am. Chem. J., 20, 820 (1898)) have made a 
qualitative study of the solubility of hundreds of substances in liquid ammonia but little 
or no really quantitative work has been done in this field. It would seem to me that 
the solubility at the boiling point of liquid ammonia under atmospheric pressure, 
—43 .45 degrees, would be more interesting and this would practically dispense with the 
use of any complicated thermostat. The solubility of both inorganic salts and neutral 
organic bodies might prove of interest. The solubility of gases in ammonia and other 
non-aqueous solvents would also afford interesting results that could be obtained with 
comparative ease and might serve to reveal some surprising cases of solubility which 
conceivably might be of use in the field of analytical chemistry. 

68. ‘The effect of anhydrous salts on esterification. 

In Ber. 13, 3344 (1905), Bogojawlensky and Narbutt record a number of ex- 
periments on the effect of various anhydrous salts on esterification. Their conclusion 
is that the anhydrous salt takes up the water formed in the reaction. 

These experiments should be extended. The temperature at which water of crys- 
tallization is driven off from the salt used should be considered. If there is some hy- 
drolysis of the salt as water accumulates in the process of esterification, then the in- 
fluence of hydrogen ion becomes:an important factor. This is suggestive of the use of 
hydrochloric acid as a catalyst. - In some unpublished work it has been observed that 
ferrous ammonium sulfate and ferric ammonium sulfate have very different effects on 
esterification. Is this a matter of hydrolysis or of different catalytic effects of ferrous 
and ferric ions? 

Perhaps some of the salts used, like zinc chloride, may function catalytically by 
activating the hydroxyl group on forming compounds with alcohols. 

A useful review of the literature begins on p. 291 of catalysis in ‘“Theory and Prac- 
tice,” by Rideal and Taylor (Macmillan & Co.). 

69. Identification and determination of the various sulfur compounds in manu- 
factured gas. 

It has long been known that manufactured gas contains small amounts of sulfur 
compounds, other than H2S and CS:, which are not removed in the usual purification 
process. ‘These are ufidoubtedly volatile organic substances such as thiophene and 
thio-ethers, but this has not been definitely determined. 

70. Identification and determination of the various chemical compounds obtained 
in low temperature carbonization of coal. 

The composition of high-temperature tar (produced in coke ovens and gas retorts) 
has been pretty well worked out, but tars produced by carbonization at temperatures 
under 700°C. have a different composition from that obtained at higher temperatures 
and few of the constituents have been isolated and identified. For example, there is 
now a good demand in this country for creosote for wood preserving; low-temperature 
tar may contain as much as 50% tar acids which may not be as good for wood preserving 
as creosote. Once the chemical structure of these acids is known this question will be 
answered. Further, low-temperature tar contains ‘‘acid resins’ for which commercial 
utilization should be sought. To attack the problem intelligently we must first know 
the structure properties of these resins. 

71. Surface tension relationships of oils, water, iron and iron oxides. 

The question is whether oil or water shows a preferential wetting effect for iron or 
iron oxide. An answer to this question would substantiate or disprove the opinion 
prevalent among gas engineers that gas mains are protected from corrosion by films of 
oil which are condensed out of the gas. 
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72. Chemical composition of gums and resins found in light oil from gas plants. 

All light oils contain compounds such as indene and pentadiene which under suit- 
able conditions polymerize to form gums. ‘These gums are the source of considerable 
trouble to the gas companies through the stoppage of pipes and meters. In order 
to devise means of getting around this difficulty it is first necessary to know the com- 
position and properties of the gum-forming constituents in the light oil vapors. 

73. Identification of unsaturated hydrocarbons in carburetted water-gas. 

Carburetted water-gas, which is made by enriching water-gas with gases obtained 
by cracking oil at high temperatures, contains considerable amounts of unsaturated 
hydrocarbons only the lighter members of which are determined by the usual gas analy- 
sis. A complete knowledge of the composition of this gas is desirable as a means of 
improving the control of manufacture, particularly as regards carburetion. 

74. Our knowledge of the chemistry of gas purification by means of iron is still 
incomplete. ‘The main reactions are given as (a) (purification) 2Fe(OH); + 3H.S—> 
Fe.S; + 6H:20 and (0) (revivification) FexS; + 30—>Fe.0; + 3S, but both processes 
are really much more complicated than this and are not yet thoroughly understood. 
The physical state of the moist oxide is a factor in determining its reactivity and effi- 
ciency; in this regard catalysis and catalytic agents or ‘“‘promoters’’ undoubtedly play 
a part. Other constituents than H2S in the gas may promote or retard activity. A 
physico-chemical study of the phases of purification should shed light on these points 
and yield results of great value to the gas engineer. 

75. Solubilities, etc. 

By the method employed in the article of Taylor and Rickenbach (J. Am. Chem. 
Soc., 45, 44 (1923)) on the solubility of TNT in various solvents, it is fairly simple to 
select the solvent by which TNT can be purified rapidly and-simply. Frequently the 
purification of compounds is accomplished by some chance solvent the use of which 
may be wasteful and more time-consuming than another solvent. Work of the above 
character is desirable for other nitro-compounds and other organic compounds. 

76. Decomposition of addition compounds. 

Ammonia forms addition compounds with many“ inorganic salts, e. g., NHiNO;, 
LiNO;, Ca(NOs3)2, CaCh, etc. It is desirable that the v. p. curves for these systems be 
examined to determine what compounds are formed and under what conditions. See 
Davis, et al., J. Am. Chem. Soc., 43, 1575, 1580 (1921). 

77. Yields of organic preparations. 

In forming substitution products of benzene, toluene, etc., isomers are nearly always 
produced (ortho, meta, para). A study of the proportions of the isomers and especially 
of the conditions (such as temperature, catalysts) under which the proportions may be 
varied is highly desirable. 

78. Investigation of the precipitates obtained on the addition of alkalies to sepa- 
rate and to mixed solutions of nickel and cobalt salts. 

S. R. Benedict, J. Am. Chem. Soc., 26, 695-700 (1904). 

S. O. Pickering, J. Chem. Soc., 1, 91, 1981 (1908); 97, 1851-60 (1910). 

References under cobalt and under nickel, analysis, detection in Indexes of Chemical 
Abstracts. 

79. Preparation of trivalent compounds of nickel. 

S. R. Benedict, J. Am. Chem. Soc., 28, 171-7 (1906). 

80. Analysis of precipitates formed by action of potassium periodate upon solu- 
tions of cobalt, nickel, manganese and zinc salts. 

S. R. Benedict, Am. Chem., 34,9581-5 (1905). 

81. Determination of the px at which black cobalt sulphide precipitates and appli- 
cations of the knowledge gained. 

S. R. Benedict, Am. Chem., 32, 480 (1904). 
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82. Preparation and comparison of salts of commercial synthetic malic acid with 
those of the natural acid and with those of the inactive acid (or acids) prepared in various 
ways in the laboratory. 

Beilstein, Hanbuck d. organischen Chemis, Bd. L. 

83. Comparison of electrical conductivities of natural and synthetic malic acids. 

84. Attempt to resolve commercial synthetic malic acid into d- and /-isomers. 

Acid ammonium salt, Kenrich, Ber., 30, 1749. 

Cinchonine salt, Bremin, Ber., 13, 351. 

85. Rate and extent of hydrolysis of salts of arsenic, antimony and bismuth. 

“In discussing this in elementary chemistry we assume that arsenic chloride, for 
example, hydrolyzes to arsenious acid and HCl; that antimony chloride goes to SbOCI 
and HCl; and bismuth chloride goes to BiOCl and HCl. This by no means exhausts 
the possibilities and as in the case of the hydrolysis of ferric sulfate there may be a whole 
series of different compounds formed dependent upon the temperature and upon the 
concentration. Work has been done upon this subject not only upon the chlorides but 
upon the nitrates, but I don’t believe any extensive study has been made.” 

86. The solubility of “‘insol.”’ salts is a matter of great importance pedagogically 
especially in the discussion of solubility product. Much work has yet to be done upon 
this subject as many of the experimental results at present available are probably 
wrong—quite absurd in some cases. I believe that careful direct determinations— 
that is by direct evaporation of saturated solutions—could yield satisfactory results. 
Many results obtained directly in this way—not by e.m.f. or conductance methods— 
have in the past been marred by ignorance of the colloidal state. With due regard to 
this, valuable work might be done with very simple apparatus. Results at various 
temperatures ought to be determined. 

87. Effect of salts upon melting point of other salts. 

“Some work of my own, under the direction of T. W. Richards, on the binary sys- 
tems of alkali chlorides showed that previous f. p. curves for these mixtures had been 
drawn from too scant data and breaks in the curves indicating compounds had been 
overlooked as a result. If this is the case with the much-studied alkali chlorides it is 
likely to be the case also with other salts which have been studied much less. Ternary 
systems and more complicated mixtures have been given even less attention.” 

88. Chalk now on the market for educational use is far from ideal. The sticks 
break easily and the advertising term “‘dustless’’ cannot be applied literally to the mark- 
eted product. Here is a chance for some one with the right idea to make a fortune 
for himself and at the same time benefit his suffering fellow-teachers. 

89. Anderson and Riffe (J. Ind. Eng. Chem., 8, 24 (1916) state that CrCl: will 
not absorb the last traces of oxygen from a mixture of gases. This statement is at vari- 
ance with my experience with the properties of this substance. Possibly oxygen was 
absorbed and hydrogen evolved—2CrCk + 2HCl = 2CrCl; + Hb. 

90. “G. Rose, Pogg. Ann, 37, 168 (1836); also Wohler, Ibid., 166, state that they 
obtained fine transparent crystals of Cu(C:H;O2)2.5H.O with a transition temperature 
between 30-35°C., above which they became green and opaque (doubtless Cu(C:H3O2)s.- 
HO). _ Rose found the light blue pentahydrate crystals efflorescent, containing 33.11% 
of water, of which ‘/; escaped... He says of them ‘‘Man erhialt sie ganz einfach auf die 
Art dass man in der Wirme aber nicht bei Siedehitze, Griinspan in Wasser auflést, 
welche mit Essigsdure sauer gemacht ist, und die Auflésung zum Krystallisieren hin- 
stellt.” At my suggestion Miss Harriet I. Cole, then assistant at Wellesley College, 
spent considerable time crystallizing Cu(C2H;O2)2 at a variety of temperatures, HC2H;02 
concentrations, and methods of relieving supersaturation, but always obtained mono- 
hydrate only. Probably she didn’t have the luck to get a crystal germ of pentahydrate 
or of any substance: isomorphous with it. . The account of Rose and Wohler is so cir- 
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cumstantial, and they were such reliable observers, that a further effort to obtain the 
pentahydrate, and to determine accurately its transition temperature might be worth 
while.” 

91. It is well known that hydrated oxides of Cr, Fe, Mn, Co and Ni carry down 
zinc, and that hydrated chromium oxide carries down magnesium, when precipitated 
by NH,OH or Na,O; as the case may be. See for instance A. A. Noyes, “Qualitative 
Chemical Analysis,’ 9th edition, pages 96, 97, 107; also Noyes, Bray and Spear, ‘“‘Sys- 
tem of Qualitative Analysis for the Common Elements.” Contribution from the Re- 
search Laboratory of Physical Chemistry No. 23, M. I. T., pages 66, 67, 73 (where 
references are given), 98. While no new principle is involved, it might be useful to 
have some more figures on the extent of occlusion at different concentrations, tempera- 
tures, and speeds of stirring or method of pouring. There are numberless other oc- 
clusion problems, especially in the realm of hydrated oxides, and sulfides. 

92. “Chemistry of thallium with special reference to the mixed halides, the chloro- 
bromides and the bromo-chlorides. (Cushman, J. Am. Chem. Soc., 24, 222; 26, 
505 (1900-1901).) The sudden transition which I noticed on one color and type of 
crystals into another as an equilibrium point was reached, I have rarely seen equaled for 
curious beauty of reaction in pure chemistry. As we now know there must have been 
a wonderful dance of the electrons going on.” 

93. Call the temperature at which water or a solution attains its maximum den- 
sity, tm. ‘‘I conducted a number of experiments which showed clearly that for any 
solute fm is a linear function of the concentration. The slope of the line is different for 
each solute. After doing this work I found that similar work had also been done by 
De Coppet (Compt. Rend.) and Despretz (Journal de Physique). Since my work 
there was an article on it in the Journal of the Chemical Society of Great Britain. 

“This property can be applied, I feel sure, to the detection and determination of 
added water in milk. When milk is watered it is the solution of sugar and salts (the 
whey) which is directly affected and not the whole emulsion. As soon as this was real- 
ized we had the dipping refractometer and later the Hortvet Cryoscope successfully 
applied to this problem. My thought is that the milk°can be curdled with a trace of 
acid and the tm of the whey determined by Hope’s method. (Preston’s Theory of Heat.) 
The solution is placed in a cylinder. Two thermometers placed in the solution. The 
cylinder placed in a medium at a temperature of about 0°C. (on the window sill in winter, 
closing the window and reading the thermometer through the window), the thermome- 
ters are read at '/.-minute intervals. Plot the cooling curve of each. tm is the point 
where the two curves cross. 

Determine ts for unwatered milk and for various degrees of watering, then plot. 
The practical advantage of this method would be that it requires no skill or technique 
such as is required by a f.-p. determination and no temperature regulation such as is 
required by a determination of the refractive index. 

94. The matter giving the color and opacity to crude petroleum is colloidal, as 
shown by the Tyndall light cone test. If this matter could be coagulated and filtered 
out, its nitrogen content could be determined by the Kjeldahl method with possible 
light on its nature (protein has 14 to 16% N) and light on the origin of petroleum 
(vegetable or animal vs. carbide theory of Moissan). A sulfur determination might 
distinguish between animal vs. vegetable origin. 

Incidentally if a water-white mixture of hydrocarbons were obtainable by removal 
of the colloidal matter, the subsequent fractional distillation might yield directly prod- 
ucts requiring no further treatment with H.2SO, and alkali or bleaching with sun or by 
other means and no bloom would be present. As a means of removing the colloidal 
coloring matter try dissolving in the oil halide salts of the heavy metals many of which 
are soluble in CS:, acetone, CsHs, CHCl, etc., and hence perhaps in hydrocarbons (see 
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Comey, Dictionary of Solubilities) and subsequent precipitation with HCl or HS. 
Also try adsorptive agents, silica gel or ultra-filtration through collodion, etc. 

95. In the Ne + 3H: — 2NH; synthesis the catalyst is of first importance. If 
the union could be accomplished at a lower temperature a much higher yield of NH; 
would be obtained (see Haber, Thermodynamics of Tech. Gas Reactions (Lamb)). 

Iron has been suggested and used as a catalyst but all the iron used has been ex- 
posed to air and is covered with a film of oxide hence we do not have an iron surface but 
an iron oxide surface. 

Bone in his work on surface combustion showed that an oxide film was not reduced 
to metal when H and air were led over it (J. Franklin Inst.). Is it possible that if an 
iron surface which had never been exposed to airy were used that it would be much more 
active? It could be produced by electrolysis (Burgess) displacing the electrolyte when 
ready by the Ne, H: mixture. 

96. Iron filings mixed with a little NH,Cl or FeCl; or other hydrolyzable salt 
(thus yielding a trace of acid), moisture and air, rust very rapidly, the temperature rising 
to nearly or quite 100°C. ‘The combustion of the iron proceeds spontaneously as long 
as moisture is present and air is supplied by stirring. Struck by the very complete 
analogy of the reaction in the presence of liquid ammonia to those in water (Franklin), 
the following suggests itself: Iron filings -+- NH,Cl (#. e., NHs + HCl) and moistened with 
liquid ammonia + Ng (¢. é., air). 

Would an analogous reaction occur in which Nz would function as O, does in a water 
medium yielding FeN which on steaming would yield NH3;? 

97. What happens when arsenious oxide is titrated in solution with sodium hy- 
droxide—what salts or ions are formed; how can the peculiar conductivity titration 
curve be explained? 

When silver bromide goes into solution in sodium arsenite solutions of varying al- 
kalinity, just what happens—what compounds are formed; are they the same as when 
silver nitrate is dissolved in the arsenite solutions or are they complex salts containing 
the bromine on the one hand or the nitrate radical on the other? (Sheppard, Trivelli 
and Weightman, J. Frank. Inst., Nov., 1924, p. 636.) 

98. ‘The formation of well crystallized salts of metals low in electromotive series, 
A difficult thing to do, but worth working out. 

99. The functioning of Cu in negative ions, either as CuO, or in a higher state of 
oxidation. e 

See Dammer’s Handbuch der Anorg. Chimie, II, 2, 658. 

Also C. B. 1900, I, p. 950. (Z. anorg. Chem., 23, 233-5, 31/3.) 

Also headings Copper, in C. B. index of the years about this time, 

100. Preparation of anhydrous salts from their hydrates. 

We need accurate data concerning the preparation of anhydrous salts. We need 
to know the necessary temperatures, whether any hydrolysis occurs, how to avoid this, 
etc. The data now available are variable and inaccurate. For example, one reference 
says that anhydrous MgSO, can be made from MgSQ,.7H20 at 200°C. Others observe 
that 200°C. is not sufficient—a faint redness is necessary—same for CuSOQ,. Meth- 
ods of avoiding hydrolysis should be worked out. 
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MINUTES OF THE SESSION ON CHEMICAL EDUCATION AT 
THE BALTIMORE MEETING OF THE AMERICAN CHEMICAL 
SOCIETY, APRIL 6-10, 1925 


The Committee on Chemical Education was called to order by the 
chairman, Neil E. Gordon, at 10 a.m., April 6. In addition to the chair- 
man the following members of the committee were present: W. Seger- 
blom, L. W. Mattern, W. Schmidt, F. W. Willard, L. C. Newell and 
B. S. Hopkins; the following men met with the committee on invitation 
of the chairman: F. E. Clark, H. N. Holmes and F. B. Dains. 

The chairman read his report which had been prepared for the Council 
Meeting. After some discussion it was voted to recommend to the Coun- 
cil that the Committee on Chemical Education be continued, the per- 
sonnel to be determined by the President of the Chemical Society. It 
was further recommended that the next step in advancing the cause of 
chemical education should consist in the taking of a census on the condi- 
tions actually surrounding the teaching of chemistry in the high schools 
of the country; to include (a) the physical equipment such as apparatus, 
laboratory space, time allowed, space and time for individual work by 
the teacher in improving his course and arranging his experiments, 
books, reference library and magazines; (b) the educational equipment 
of the teacher including his courses in chemistry, his professional train- 
ing in methods of teaching chemistry, his training in other sciences, in 
mathematics, psychology and related subjects. The question of includ- 
ing salary in the census was discussed but it was voted to let this matter 
lie on the table. It was suggested also that information be collected in 
regard to the extent to which the Minimum Course is being followed. 

On motion it was voted to recommend that every college and univer- 
sity which is preparing teachers for science positions in high schools be 
urged to offer a course of study in the methods of teaching science. 

Careful consideration was given to the suggestions for the modification 
of the Minimum College Course. The modified course is to be published 
in complete form. 

The Editorial Board of the JouRNAL OF CHEMICAL EpucATION met for 
dinner at 6 o’clock, on the evening of April 6, and discussed some prob- 
lems in developing the JOURNAL. 

The following were present: R. A. Baker, E. M. Billings, H. A. Car- 
penter, F. E. Clark, F. B. Dains, William Foster, N. E. Gordon, J. S. Guy, 
H. N. Holmes, B. S. Hopkins, J. C. Jordy, James Kendall, L. W. Mattern, 
L. C. Newell, Wilhelm Segerblom, J. N. Swan, G. H. Whitford, W. A. 
Whitsell. 

It was the opinion of those present that the publication of bits of chemi- 
cal humor is worth while provided it is original and spontaneous. It 
was suggested that no attempt be made to fill a certain space and that 
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no manufactured humor be used. Dr. R. A. Baker was appointed to 
take charge of this feature. 

The business manager, Dr. Billings, reported that the subscription Jist 
is growing steadily. Plans have been developed to print 12 issues each 
year, 

The public program consisted of a half-day symposium devoted to the 
study of the electron and its application in education and commerce, 
followed by three sessions of general papers, on topics of interest to chem- 
istry teachers. ‘These papers were carefully prepared, thoughtful and 
helpful; the discussions which followed many of the papers added much 
to their interest. 

Professors William L. Evans, and J. E. Day explained the method 
used at Ohio State University for teaching atomic structure. A labora- 
tory period is used by the students in constructing models of atoms, 
using beads to represent electrons and wire and glass tubing for the out- 
lines of the models. The students show great interest in this work and 
its educational value is unquestioned. 

Professor Stuart R. Brinkley told about the success accomplished at 
Yale in teaching difficult oxidation and reduction reactions by observing 
the number of electrons gained and lost by the reacting substances; then 
calculating the coefficients required to give a balanced equation. The 
use of this method has resulted in improving the work of the students. 

Dr. M. S. Kharasch, of the University of Maryland, spoke on the 
electronic concept as applied to the chemical changes in organic chem- 
istry. Most organic compounds do not behave as polar or non-polar 
compounds should but their reactions may be explained by assuming a 
partial polarity in which valence electrons are shifted selectively from 
their normal positions giving a wide variation of properties. The value 
of this system lies in the ability to predict what properties should result 
from certain changes. 

Great interest was shown in the discussion of the commercial utilization 
of the electron, which was given by Dr. Irving Langmuir, of the General 
Electric Company. He traced the history of electronic bulbs and showed 
how the results have been steadily improved. ‘The first bulbs were not 
completely evacuated and they allowed only a minute current to pass 
as the electrons were shot off from the hot filament. By using high vacua 
and controlling the emission of the electrons by the gird, currents of rela- 
tively high power are carried by the streams of electrons. Recently 
experimental tubes have been made in which the tungsten filament is 
coated with cesium or oxygen in a layer which is one atom deep. ‘These 
materials are far above their boiling points, but the layers are 
held in place by the attraction of the supporting surface of the filament. 
These bulbs are highly efficient in radio work. 
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The first general program began with an exceedingly interesting demon- 
stration of some new lecture table experiments by Professor Herbert F. 
Davidson and a little later Dr. R. A. Baker described some permanent 
experiments which are suitable for museum display whose value is greatly in- 
creased by the fact that students can study them deliberately at close range. 

Some successful methods of teaching various subjects were outlined. 
Professor Lyman C. Newell explained his manner of conducting classes 
in the history of chemistry. Dr. F. O. Anderegg illustrated a plan of 
assigning problems in a course in colloid chemistry while Dr. W. Blum 
urged the importance of teaching the principles of electrode deposition. A 
combined course in qualitative and quantitative analysis which has pro- 
duced excellent results was described by Drs. Charles L. Mantell and 
Allen Rogers. 

Various ways of using charts and diagrams as convenient aids in teach- 
ing were suggested. Professor Alexander Lowy showed a series of charts 
illustrating such topics as chemical transformations of organicc ompounds, 
the products which may be obtained from a barrel of oil and several others. 
Mr. L. W. Mattern displayed a series of maps showing the geographical 
distribution of important chemical industries. Dr. H. A. Neville gave 
some diagrams the use of which will greatlys implify the transition from 
our awkward system of weights and measures to the more convenient 
metric system. Professor P. M. Glasoe presented some diagrams which 
he has found to be useful in teaching the periodic system to students in 
beginning chemistry, and Professor W. B. Meldrum displayed a chart 
showing the inter-relationship of the fundamental laws and theory of 
chemistry. : 

Professor James Kendall gave a particularly helpful discussion on the 
present status of the theory of ionization. He called attention to the 
fact that recently questions have arisen in regard to the existence of 
undissociated molecules when strong electrolytes are dissolved in water. 
There are still some questions to be settled but progress is being made. 

Professor C. A. Brautlecht discussed some important factors in teach- 
ing elementary-college chemistry while Dr. M. L. Crossley explained 
some of the correlated subjects for those who were preparing for work 
in industrial chemistry. 

Problems dealing with high-school chemistry and its correlation with 
the college courses were discussed by Guy Clinton, Mrs. Rachel E. An- 
derson and Major LeRoy L. Sutherland. Professor Charles E. Coates 
expressed the opinion that our courses include too much and that “‘over- 
teaching is a national sin.” 

The recently developed uses of ethylene were explained by Dr. F. B. 
Arentz. ‘These include its use in cutting and welding, in coloring citrus 
fruits, as an anesthetic and in various chemical syntheses. 





VoL. 2, No. 5 MINUTES OF THE BALTIMORE MEETING 407 





Professor Ernest N. Pattee explained the poor results obtained from 
the New York law which requires equal pay for men and women teachers 
who are doing the same type of work. 

Following the papers a brief business meeting was held with W. Seger- 
blom presiding. 

Dr. Earl R. Glenn reported for the Committee on Research in Chemical 
Education. He suggested many topics for investigation, looking toward 
improved teaching of chemistry. The report was accepted and the com- 
mittee continued and requested to collect such data as seemed most urgent. 

On motion the secretary was ordered to draft a note to Mr. Francis P. 
Garvan expressing the appreciation of the Division of Chemical Education 
for his generosity in continuing the Prize Essay Contest for the year 1925-26. 

Dr. Neil E. Gordon, gave the report for the Committee on Chemical 
Education of which he is chairman. Most of the efforts of the year have 
been centered upon the organization of Associations of Chemistry ‘Teach- 
ers in the various states. All states are now organized or have plans for 
organization, except Texas, Louisiana and Mississippi. The report was 
accepted. 

The Committee on Nomenclature, Dr. A. P. Sy, chairman, reported 
progress. This report was accepted and the committee continued. 

A report from the Committee on Research Problems appears in this 
issue on page 391. 

The Committee on Woman’s Club Study Course in Chemistry reported 
progress. This report was accepted and the committee continued. 

The chairman was instructed to appoint a committee to codperate 
with the American Chemical Society Committee on Prize Essay Contests, 
with a view to extending their effectiveness. It was suggested that the 
date, May 15, would be more acceptable to most schools than March 1, 
as the closing date of the contest. 

A vote of thanks was taken expressing to the local section and its com- 
mittees the keen appreciation of the Division of Chemical Education for 
the excellent provisions made for this splendid meeting. 

On motion the Division adjourned. 

The committees of the Division are: 

Chemical Education: Neil E. Gordon, chairman. 

Research in Chemical Education: Earl R. Glenn, chairman, S. R. Powers, 
Jacob Cornog. 

Nomenclature: A. P. Sy, chairman. 

Research Problems: W.C. Chapin, chairman. 

Woman's Club Study Course in Chemistry: WUarrison Hale, chairman, 
Marie L,. Obenaur, W. F. Keohan. 

Coéperation in Prize Essay Contest: ‘To be appointed. 

B. S. Hopkins, Secretary. 
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CLASSROOM EMANATIONS 


Epiror’s Note: In the belief that synthetic ‘‘gems’’ would not be as acceptable 
to our readers as the natural ones, we suggest that contributors to this page send only 
actual quotations from students. Although it will probably be impracticable to ac- 
knowledge the source of all these bits of classroom humor, this first collection emanated 
chiefly from the laboratories of California, Syracuse and Wisconsin. 


Hard water is water in which it is hard to dissolve things. 

A base is that substance which can stand by itself, that is, it has stability. 
_ Air cannot be a chemical compound because chemistry was not in- 
vented until thousands of years after the creation. 

The chief use of CO2 is to prepare H2SO., champagne and other sparkling 
waters which do not occur free. 

Mercury is prepared by distilling the bark of the cinnabar tree. 

Matter is composed of small inconceivable particles called atoms. 

Recently discovered complexes: Hydrophobic acid, hydronic acid, 
hydraulic acid, anhydrous H.O, perchromic acetate. 

Stock-room materials for which orders have been received: Mercury 
filings, end points, benzene rings, brunettes, vacuum, solid glass tubing, 
evacuating dishes, conflagration spoons, watch glasses 75 cm. thick. 

Non-metals may not be hammered. 

Hydrogen is used in the manufacture of natural gas. 

Lavoisier was one of the earliest users of oxygen. 

Cavendish discovered water. 

Priestly invented oxygen. 

Sulfur is heated in Sicily and pumped out in Louisiana. 

Supersaturated solution one which contains-more than it can hold. 

Reduction is the substitution of hydrogen for another element. Hy- 
drogen, being the lighest known element, the we ght of the compound is 
thus reduced. 

Nascent means birth and death all in one operation. 

Denatured alcohol is alcohol which contains water. 

An element is any substance which cannot be broken up into new sub- 
stances by present-day chemists. 

New elements discovered at mid-years by students while trying to iso- 
late a grade in Chemistry 1: Cupper, bitheum, chromine, alimony, sink 
and skrontium. 

An example of metathesis is A + B = A? + 2AB + B?. 

Evidence in support of the electrolytic theory is that we have abnormal 
boiling points at certain elevations. 

Air is a mixture because, when the air gets heavy and two parts of H 
and one of O meet, they combine and form water or heavy dew. 

Nitrogen constitutes 79% of the earth’s crust. It occurs free during 


electric storms. 
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Chemistry in the Six-Year “Realschule.” Z. physik. chem. Unterricht, 38, 
41-2 (1925).—An abstract of a portion only of the report of a committee appointed by 
the Institute fur Erziehung und Unterricht, for which see ‘‘Die Realschule,’’ by Gustave 
Louis (163 pp.), Leipzig, Quelle and Meyer, 1924. That portion pertaining to chemistry 
was written by B. Leiserung. ‘The chief purpose of chemistry in the Realschule is to 
develop an understanding of chemical phenomena and their relation to daily life. The 
student should become familiar with (1) the most important chemical elements and their 
minerals, (2) the principal types of reactions—analysis, synthesis, substitution, oxida- 
tion and reduction, and (3) the acid and basic character of the oxides. Chemical sym- 
bols should be introduced early. The following topics should also find a place: the 
atomic theory, Avogadro’s hypothesis, stoichiometrical calculations, energy relations, 
particularly heat balance and the laws of electrolysis, solution, osmotic pressure, etc. 
No chemical compound and no reaction is of itself so important that it belongs in the 
course unless (1) it leads to an understanding of chemical relationships; (2) it has a 
bearing on the other natural sciences and serves to round out a knowledge of our physical 
world; (8) it is of fundamental importance in daily life. Intensive study of technological 
applications is avoided; also as many chemical details as possible. Very little labora- 
tory work is possible since at present but 2 hrs. a week for 1 year are allotted to chem- 
istry. 

The Necessity of Chemistry in High-School Training. C. A. Amick. Sch. Sei. 
Math., 25, 385-9 (April, 1925).—The great strides of the immediate future will be in 
chemical rather than in mechanical perfection, particularly in the prevention of waste. 
Every worker in the various walks of life needs the spirit of knowing how and why. 
It puts certainty where chance ruled before. The production and use of foods requires 
that knowledge which will guide habit-formation in the way of health. The knowledge 
that gives the possessor the ability to judge quality in all commodities from medicines 
to machines. Science workers in particular should protect the public from frauds based 
on so-called science. The high-school teacher is the outpost of science in contact with 
the public that will soon occupy the posts of action in life. The value of science in daily 
life should be thoroughly appreciated by these young people if science is to function in 
education as it is able. H. R. SmitH 

The Periodic Sphere and the Position of the Rare Earth Metals. J. NEwron 
Frienp. Chem. News, 130, 196-7 (March, 1925).—“In an attempt to include the rare 
earth metals in the Periodic Chart without undue disturbance of its symmetry, it has 
been found helpful to arrange the elements in the form of a spiral coiled round the sur- 
face of a sphere, as shown in Figs. 1 and 2. In the first short series the cells or spaces 
occupied by the elements are of minimum size, but in the second coil the spaces are 
larger and the elements tend to orient themselves ex-centrally. Sodium, for example, 
is not thus immediately below lithium, but lies slightly to the left side of its cell. So 
that lithium lies longitudinally between sodium and calcium but nearer to sodium. 
The resemblance of lithium to the alkaline earths is thus illustrated. 

“The cells in the third spiral are still larger and elements take up definite positions to 
the left or right, as indicated by the broken lines, thus yielding sub-groups A and B 
to each normal vertical group. In general, only one element lies in each cell, save in 
Group VIII, which now comes into being through division in Group O. 

“Round the equator the cells have a maximum area, and are sufficiently large to 
hold two elements each. There is thus a rare earth belt containing elements closely 
packed together, the nearest approach to isotopes possible for elements with separate 
atomic numbers. Isotopes would clearly occupy identical positions in the cells, but, 
if lighter in weight, lying possibly nearer to the center of the sphere. Hence they, too, 
should not be absolutely identical 

“Below this equatorial belt the elements tend to become unstable. The similarity 
of sub-equatorial metals, e. g., thorium, to those in corresponding positions above the 
equator, e. g., zirconium, rather than to their congeners, is clearly illustrated by their 
positions, 
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“The rare earth metals appear to fit into this scheme quite well, and reveal many 
regularities not hitherto attainable (see Table I). 
“Thus, La, Yb and Lu are appropriately placed in Group III. Ceand Ct are known 








as suitable intermediaries to Zr and Th. Pr yields PrO; and Nd in the presence of traces 
of cerium and praseodymium yields oxide approximating to NdOs, their oxides comparing 
with CbO, and TaO:. 
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“Sm resembles Mo and W in yielding parallel series of chlorides and oxides. The 
melting point of Sm (1350° C.) lies intermediately between Mn (1260°) and W (3080°), 
Eu in EuClk resembles TeCl. Gd resembles Mn in its trivalent salts. Tb in TbCl, 
Tb2O3 and Th,O7, which latter probably contains TbOs, finds analogy with I in ICI,, 
1,03 and 1,04. Dy in DyCl; and Dy2Os, finds fitting analogy with CsIs and Cs,03. 

“Ho, Er and Tm are very rare, but little is known about them. 

“Tt is of interest that according to this scheme the missing element, No. 61, does not 
fall into Group VII, as other schemes postulate, but into Group V, and may be expected 
to show analogies with Sb and Bi.” 


TABLE I 


Kr Rb »" Zr Cb Mo pee 
Ag Cd In Sn Sb Te I 
% Cs Ba La Ce Pr Nd ? Sm Eu Gd Tb 
Dy Ho Er Tm Vo Ee CE Ta WwW 
Au Hg Tl Pb Bi 


B. 

Social Values of High-School Chemistry. T. D. Kersey. Sch. Sci. Math., 25, 
378-84 (April, 1925).—The greatest achievement of the teacher lies in his work as a 
builder of character. Nothing that the teacher can contribute to the development of 
his pupils can be of more direct or more practical value. What boys and girls study is 
of less significance in qualifying them for the vocation of business than how they have 
done their work, and how well they have been grounded in the fundamentals of character. 
Chemistry can be made to contribute effectively toward the development of many vir- 
tues: a love of truth and a desire for accuracy; a spirit of open-mindedness; honesty 
with laboratory material, each pupil doing his own thinking; care of public material 
keeping apparatus in place, cleaning tables at close of periods. ‘The teachers who make 
the strongest impression on pupils are those who can and do take the pupils beyond the 
bounds of subject matter and introduce some apt analogy from the domain of human 
affairs. H. R. Smiru 

Chemistry Books for the High-School Library. J. H. Warron. Sch. Sci. Math., 
25, 390-4 (April, 1925).—An arbitrary list of 78 books with titles, authors, publishers and 
price, from the various subdivisions of the field of chemistry. Some which the author 
considers more important are commented upon. H. R. SmituH 

Home-made Models of Technical Apparatus in the Classroom. CHRISTOPHER 
ScHWANTKE. Z. pirysik. chem. Unterricht, 38, 28-31 (1925).—Actual models, though 
incomplete, are of more value for instructural purposes than the best drawings or dia- 
grams. S. has constructed small models showing the coke oven, blast furnace, glass 
oven, gas generator, lead smelter, etc., and feels that he has effected a great saving of 
time in teaching. The student should have a concrete picture of chemical plants to 
complete his knowledge of chemical reactions—particularly before he visits a plant 
operating on a large scale. 

The models are copied from diagrams, are constructed to show half or three-quarter 
sections, and are not less than 35” high. The materials used are wood and pasteboard 
for the frame work, and plaster of Paris for the finish. On account of the shrinking it is 
advisable to stud the framework with nails. Modelling clay or putty may be used in- 
stead of plaster. To bring out details various parts of the completed models are painted 
with contrasting colors. BAKER 

Obituary of Sir Edward Thorpe. A.E.H. Turron. Nature, 115, 343-5 (1925).— 
Sir Edward Thorpe, C.B., F.R.S., one of the leading British chemists, died at his home in 
Devonshire, February 23, 1925, in his 80th year, having been born at Manchester, De- 
cember 8, 1845. He was educated at Owens College, England, and at Heidelberg, where 
he studied under Bunsen. When Thorpe entered Heidelberg he presented to Bunsen a 
letter from Sir Henry Roscoe who had been a pupil of Bunsen. Roscoe had prepared 
beautiful specimens of crystallized potassium and of sodium, which were enclosed in 
separate specimen bottles and preserved under oil, and he requested Thorpe to present 
these to Bunsen. Being crowded for room, Thorpe placed the specimens in a single con- 
tainer; but when the presentation was made to Bunsen, there were, much to his sur- 
prise, no crystals but instead a liquid. At Bunsen’s suggestion, this led to an investiga- 
tion, which resulted in the discovery that potassium and sodium form a liquid alloy 
much like mercury in appearance 

Thorpe held several different teaching positions, including a professorship at York- 
shire College, Leeds, and one at the Royal College of Science at South Kensington. 
In_1894 he left South Kensington to become Principal of the Government Laboratories. 
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Many important investigations were carried out under his direction, such as the study 
of the oxides of phosphorus. It was proved that necrosis, or ‘‘phossy jaw,’ is due to 
phosphorus trioxide, and this discovery has resulted in the discontinuance of free 
phosphorus in the manufacture of matches. Other investigations were the determina- 
tion of the atomic weights of gold and silicon and a magnetic survey of the British Isles. 

After 16 years as head of the Government Laboratories, Thorpe returned to South 
Kensington as professor of general chemistry. 

He was the author of a number of books, including the “Dictionary of Applied 
Chemistry.” He was knighted in 1909 and was the recipient of many other high honors. 

WILLIAM FosTER 

Chemical Warfare and the Boll Weevil Problem. H.W. WaLker. Chem. War- 
fare, 11, No. 4, 2-5 (April, 1925).—A description of the life history and habits of the 
weevil and an outline of present methods of control. A great deal of cotton is raised on 
land producing from 100 pounds up of finished cotton per acre. Poisoning will pay 
ordinarily on land producing 250 Ibs. per acre. The ideal poison should be cheap and 
commercially available in large quantities. It should stick to the plant in spite of con- 
ditions for several days. It should not injure the plant. It should be easy and eco- 
nomical to apply and should have no injurious effect on the personnel and animals en- 
gaged in its application. It should not have any permanent deleterious effect on the 
soil. 
The C. W. S. has undertaken to test the toxicity of compounds against the weevil 
using Ca arsenate as a standard for comparison. 300 compounds have already been 
tested and 1000 will be added to the list this coming year. The As necessary to kill 
has been found to be approximately 0.015 mg. per weevil, expressed as Ca arsenate. 
The average weight of a live weevil is 16 mg. B. 

Ethics and the Test Tube. JoHn A. SEAVERNS. Nucleus, 2, 6-8 (April, 1925).— 
“‘... Certain professions, notably medicine and law have attempted to establish a 
code of ethics, and, to a greater or less extent, have made this code a part of the education 
in these subjects. ... The popular belief of the man in the street is that the only function 
of the chemist is to take mixtures apart and discover the ingredients in them. 

“The skilled mechanic frequently knows means for picking locks and opening strong 
boxes, but there are few of his clients who would consider attempting to employ him to 
assist them in robbing their neighbors or competitors of their worldly possessions. 
The moral codes of both have drawn the line with considerable uniformity 

“Otherwise honest people frequently approach the chemist and ask him to take 
apart a preparation which morally belongs to its producer, in order that the client may 
avail himself of the benefits that really belong to someone else. As the chemist had 
never been taught that there is any wrong involved in such a proceeding, nothing but 
his own code of morals would prevent him from becoming a party to an act, that in 
nearly every other profession would be classed as a downright wrong. 

“Tt is regrettable that a great many chemists have drawn the line of their moral 
code in the wrong place, and do not consider that there is any sanctity which they may 
notinvade. It is safe to say that from 15 to 50% of the business done by chemists today, 
consists in securing information by means that would not be sanctioned in any other 
line of work. 

“One must go back to the U. S. Patent Office for a contributory cause. When a 
chemical formula is patented, an explicit statement of the ingredients and the method 
of preparation must be included. Any preparation which contains variations from this 
list of ingredients or additions to it, whether such changes really affect the important 
properties of the preparation or not, will not be adjudged an infringement of the one. “s 
Such lack of protection invites poaching. 

The Manufacture of Tinsel. Cuas. H. Procror. Metal Ind., 23, 63-4 ae. 
1925).—While the author is not quite certain just when or how tinsel was first produced, 
he thinks the city of Lyons, France, may have been its birthplace, because silvered and 
gilded copper wire was first made for brocades and military braids in this famous old 
city. ‘Tinsel is a combination of the wire drawer’s and silver plater’s art. Copper is 
drawn through steel dies to 20 B. & S. gage and cleaned in a cyanide solution. The 
clean wire as it comes from the die is then silver-plated by revolving it about a negative 
contact roller in a plating bath of the cyanides of sodium and silver. Several strands 
of wire are passing through the solution at one time, so the total length plated at one 
time may approximate 2000 feet. The amount of silver deposited is 1% of the total 
weight of the wire. Then diamond dies, made by drilling small holes in diamonds set 
in brass and babbitt with steel drills and diamond dust, are used for drawing the silvered 
copper wire down to a diameter of No. 38 B.&S. gage. At this diameter silver and cop- 
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per are about equally ductile and the wire is ready to be made into tinsel. This is done 
by passing the wire through hardened steel rollers polished to the highest luster. Tin 
oxide is the polishing medium, and the rolls are constantly polished by two sets of sheep- 
skin buffs. Gold-plated wire is made in a similar manner and a high brass color is 
produced by heating copper in hermetically sealed steel containers with zinc at a tem- 
perature just below the melting point of zinc. Thus the copper is sherardized by the 
use of zinc vapor just as in the manufacture of sherardized iron. Cuas. E. Duy 

Partnership of Business and Chemistry. J. E. TEEPLE. Business Chemistry, 2, 
No. 7, 3-4 (1925).—‘‘More than one-half of the manufactures of this country, with a 
total value exceeding $62,000,000,000 are dependent upon chemistry ...... 

“Chemical and allied products have risen in value from $750,000,000 in 1899 to 
more than $6,000,000,000 in 1924. ‘The chemical industry now ranks fourth, being 
outranked only by food, iron and steel and their products and textiles, in all of which 
chemistry is an increasingly important factor. 

“The degree of civilization attainable by a nation is determined by the ability of 
its people to supply all their wants from the fewest natural resources. Chemistry is 
the science of the transformation of matter and through these processes of chemical 
change commodities hitherto to be found only in nature are created. Man is no longer 
required to make long voyages, for he can fashion from raw material to be found in his 
own neighborhood commodities which in the past could be obtained only in remote 
regions. 

“Business is continually moving in the direction of chemistry. The advance of 
industry is more and more being bound up with the progress of chemical science, and 
it is absolutely neeessary for the banker as well as the manufacturer to appreciate this.”’ 


B. 

Trend of Developments in the Nitrogen Problem. J. M. Branam. Ind. Eng. 
Chem., 16, 1277—80(1924).—Combined nitrogen is of national importance on account 
of its general use in explosives and in the fertilization of the soil. The present com- 
mercial sources are: the coke and gas industries, the Chilian nitrate deposits and 
fixation of atmospheric nitrogen. With the demand for combined nitrogen steadily 
increasing, it seems evident that the fixation processes will be depended upon more 
every year. ‘These processes are being carefully investigated in Germany, France, 
Italy, England, Norway, Japan and U. S. 

Fixation processes are now producing 500,000 metric tons of N2 annually, which is 
equivalent to about 3,300,000 tons of Chilian nitrate. The chief processes now in use 
are the arc processes, cyanamide process and the direct synthetic NH; process. The 
are process requires very cheap water power. Norway produces 90% of the 36,000 
metric tons of Ne, which are produced annually by the arc process. One small plant is 
operating in the State of Wash. producing NaNOz. 

The cyanamide process, which depends upon the reaction between CaC: and N2 
to produce CaCNe, fixes 140,000 metric tons annually. The direct synthetic NH; 
process fixes the N2 by combining it with H2 at high temperature and pressure, and the 
use of a catalyst. It is a very promising process. ‘Three synthetic NH; plants are 
operating in this country. Germany is now producing 90% of the synthetic NHs. 

W. H. BEISLER 

Report of the Section of Education and Legislation, A. Ph. A. Wm. MANSFIELD. 
J. Am. Pharm. Assoc., 14, 340 (1925).—The Chairman of this Section has made a 
comprehensive study of the students pursuing advanced courses in the Pharmacy Schools 
and has included in his report those students who are working for Masters and Doctors’ 
degrees in the various Universities, in Pharmacy and Pharmaceutical Chemistry. 
The report shows that the number of matriculants for advanced degrees in Pharmacy is 
increasing each year. Joun C. KRANTZ, JR. 

A Floating Chemical Plant. Ind. Eng. Chem. (News Ed.), 3, No. 7,2 (1925).— 
“The steamship ‘Ethyl,’ formerly the U. S. Shipping Board ‘Lake Karminia,’ now owned 
by. the Ethyl Gasoline Corporation, New York, is being refitted as a complete chemical 
plant for the recovery of bromine from sea water by a special process developed by her 
owners. In the process the bromine will be combined with aniline to form tribromani- 
line which will be used directly in the production of the tetraethyl lead. The demand 
for-bromine for use in ‘ethyl fluid,” the anti-knock compound containing tetra-ethyl 
lead and manufactured by this company, has been so great that steps were necessary 
to prevent possible shortage of this material and by the use of a plant located on a ship 
on high seas‘it is hoped that a continuous cheap supply may be assured. This is the 
first attempt of the kind and it is possible that the success of this venture may lead to 
similar undertakings to remove the valuable constituents of sea water for use. The 
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Ethyl is expected to sail on April 15 on her maiden voyage as a chemical plant. The 
advantages which are claimed for her over a plant located on land are the low price at 
which she was bought from the discarded Shipping Board Fleet, which was much lower 
than the cost of land and buildings would have been; a plentiful supply of sea water 
which in addition to other considerations is uniformly cold; and the complete absence 
of any sewage and waste disposal problems.’’ B. 

Chemical Fakes. W. R. Feuzer. Chem. Bull., 12, 109 (April, 1925).—The 

A. C. S. is seeking to popularize chemistry, not to make more chemists but rather to 
familiarize more men with the usefulness of the subject. Pseudo-chemistry stalks 
abroad practically abreast with the genuine and often in the more attractive garb of the 
two. Its proponents often incorporate sufficient chemical phraseology and enough of 
truth with the error to deceive even the chemist. 
* “Most chemists do not recognize the extent to which fakes are foisted upon the 
public.” A favorite phrase in the advertising of many promoters of ‘‘near’’ chemical 
enterprises is to allude to products of “research laboratories.’’ The query is raised, 
“Can we afford to have the words ‘research laboratories’ fall into disrepute and the 
public become soured on chemical enterprises?” 

It is suggested that the A. C. S. can well afford to take an active part in the suppres- 
sion of fake exploitations and the ‘“‘flim-flam’”’ use of the words “research laboratories” 
to trick the public. The A. C. S. might well do in its field what the American Medical 
Society has done for medicine. There should be a fund created and put at the disposal 
of the editor of Industrial and Engineering Chemistry to use in exposing fraudulent com- 
panies through the agency of the News Edition. Returns for such an investment, it 
is said, ‘will come through an increased regard for chemistry and its achievements.” 

B. CLirForp HENDRICKS 

Geology and Chemistry. HERMAN VIEWEG. Cornell Chemist, 14, 2, 23 (1925).— 
The author points out the relation between the two subjects, and the necessity of having 
certain problems investigated by men familiar with both fields. In the study of rock 
formation a knowledge of the percentage composition and the order of crystallization 
of the various components is essential. Here analytical chemistry and the phase rule 
find application. The study of the color of rocks calls for refined methods of analysis, 
since, the color producing substance is frequently present in the minutest amounts. 
The study of clays involves colloidal chemistry. The estimation of the age of certain 
rocks requires a knowledge of radioactivity. Crystallography has been developed chiefly 
by the geologist. Since in crystals the components are arranged in an orderly manner, 
a thorough study of this orientation and the forces involved, should lead to more knowl- 
edge about the forces acting between atoms, and the arrangement of electrical energy 
within the atom. 

“Why should the chemist study a heterogeneous mass when he can take a crystal 
which has all the atoms carefully arranged in definite positions?’ A more careful study 
of the geologic conditions of formation in nature might lead to the production of various 
substances, which we at present find difficult to reproduce artificially. Dp: C.k,. 

Metallography as a Study for Chemists. C. W. Mason. Cornell Chemist, 14, 
2, 24 (1925).—This article deals with the importance of metallurgy to chemists and engi- 
neers, and gives a description of the course given at Cornell. Chemical analysis gives 
inadequate information concerning alloys, since the properties of materials of identical 
chemical composition vary over wide limits. Most metallographic studies are made 
with the microscope, while for very fine crystalline structures, the latest X-ray pro- 
cedure is employed. 

Metallography emphasizes the importance of the structure of metals as related to 
their physical properties, and helps to relate the chemical data with the physical be- 
havior. It gives evidence of the actual phases present in an alloy and their physical 
condition. Most manufacturers of alloys employ microscopic control and research 
methods, and it is common practice to accompany each shipment with a photomicro- 
graph of the material. D.C. L. 

Sulfur. An Industrial Necessity. Hunry C. Linr. Chem. Met. Eng., 32, 
365-9 (March, 1925).—A brief history of sulfur and its uses, with an outline of the de- 
velopment of the sulfur industry. Not until the middle of the 19th century did the 
consumption of sulfur total 100,000 tons; now, it totals about 1,800,000. Prior to 
1903, when the Louisiana deposits became productive, Sicily exercised a monopoly 
on the sulfur business. ‘The rapid increase in American production was coincident with 
the World War, and this rate has been more than maintained since then. Factors causing 
this increase were (1) that due to the Frasch patents, the Union Sulfur Co., was for a long 
time the sole producer; (2) use of sulfur in sulfuric acid manufacture due to curtailment 
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in imports of pyrites from Spain and the continued use of sulfur for this purpose since 
then, and (3) the low price. 

By means of graphs the author shows (1) the relative production of sulfur in the 
three leading producing countries; (2) the consumption of sulfur in comparison with 
imported and domestic pyrites; (3) the effect of development of the American industry 
on the exports from Sicily; (4) the production of sulfuric acid from various sources. 

Since 1903 consumption of sulfur in the U. S., has increased almost 700%, while 
that of the rest of the world only 119%. In 1924 the U. S. consumed 1,055,000 tons, 
the largest proportion being consumed in the manufacture of sulfuric acid. In 1924 
sulfuric acid production is estimated at 6,180,000 tons, about 60% of which was produced 
from sulfur, and the rest was about equally divided between pyrites and smelter gases. 
The acid is consumed chiefly in the manufacture of superphosphate, ammonium sulfate, 
lithopone, explosives, dyes, oil refining, pickling, batteries and electrolytic processes. 
In 1923, 70% sulfur consumed in U. S., and Canada was used to produceacid. The rest 
was consumed in making sulfite paper pulp, sprays, black powder and in rubber man- 
ufacture. 

“Thus has sulfur, the mysterious reagent of the alchemist, become the keystone of 
modern industry.” b.C,E. 

Preservation of eggs. Silicate P’s and Q’s, 5, 2 (April, 1925).—The object sought 
is to seal the pores of the fresh, preferably sterile eggs, by keeping them immersed in a 
10 to 1 solution of one of the more siliceous silicates. A stiff jelly which bacteria cannot 
penetrate is deposited in the pores of the shell. “If, however, they have entered before 
the eggs are immersed in the silicate solution, their deadly work cannot be stopped by 
building a fence around them; hence the importance of fresh, clean eggs.’’ Rinsing is 
not recommended for it destroys a substance on the shell which helps keep out bacteria. 
The eggs should be kept cool and must be covered. ‘The silicate should be diluted with 
soft water and enough used to permit the eggs to sink. 

“The value of the waterglass method of preserving eggs, has been confirmed by the 
U. S. Department of Agriculture and various other authorities, but as far as we know 
there has been very little public discussion of the mechanism by which the work is done. 
The experienced will have observed that the shells of the silicate-soaked eggs become 
progressively harder. This may be due in part to the weakening of the albuminous 
material in the shell, but it is also partly due to the deposit of silica in the shell. The 
lime in the eggshell reacts with the silicate making it harder, either by causing a separa- 
tion of the siliceous gel in the egg pores, or by changing some of the calcium compounds 
to silicates. We believe that both of these processes take place.” | 3 a 

The Commonwealth Study of Pharmaceutical Education. ANon. J. Am. Pharm. 
Assoc., 14, 336 (1925).—The Commonwealth Fund which is making a study of pharmacy 
from the functional point of view has published the fifth edition of its series of Bulletins 
in this Journal, reporting on pharmacy in various localities, the amount of chemistry 
work which is done, and the amount of chemical and bacteriological determinations which 
are carried on by the retail pharmacist. The report is interesting and shows that prog- 
ress is being made by those who are interested in this movement of studying pharmacy 
from the functional point of view. 

A similar movement would be certainly in order from the standpoint of chemistry. 
The question arises whether we are training the chemists properly for the industry. 

Joun C. KRAN‘zZ, Jr. 

The Tyranny of a Standardized Course of Study. C.J. Jorpan. J. Am. Pharm. 
Assoc., 14, 334 (1925).—It is necessary for colleges to offer standardized courses of study, 
but the writer points out that each institution should provide means for the more 
intelligent students to pursue more advanced work and, if possible, for those men to do 
supervised research work. Those in the course who are of lower mentality should as 
far as it is possible be removed to other courses of study and be discouraged as far as 
competing in the standardized course is concerned. 

In conclusion the writer points out that the standardized course has its advantages 
but the tyranny of the standardized course is its great danger. JoHN C. KRANTZ, JR. 

Making the Regents’ Examination. Howarp G. Burpce. N. Y. State Educa- 
tion, 12, 453-5 (March, 1925).—Regents’ state-wide examinations are more uniform to 
find than local examinations. They are made by committees of teachers of schools of 
every type in every section of the state and are reviewed by a second committee simi- 
larly chosen before being adopted. A disadvantage lies in the fact that “it is humanly 
impossible to make examination of even approximately uniform difficulty in the same 
or different subjects year after year.”’ B. proposes to use what amounts to the prob- 
ability curve in determining the percentage of pupils who have a right to pass in each 
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subject. Regents’ reports over a long period of years are available and may serve as a 
basis of comparison. Students will then be judged solely by the showing they make as 
compared with the showing made by other students throughout the state, who took the 
same exam. 

Resectioning Students According to Efficiency. A. A. SHapiro. Educ. Review, 69, 
3, 153 (March, 1925).—Forty years ago Dr. Eliot advocated semi-annual promotions. 
Thirty years ago a popular private school in Boston began regrading and regrouping 
students once a month. This practice, as applied to college students, is treated here. 
About four weeks after the opening of college, beginning classes are regrouped in three 
sections—fast, intermediate and slow, so that each group proceeds according to its po- 
tential ability. The effect on the lazy, unwilling and slow student is noted, the natural 
enthusiasm which might be caught from their quicker classmates is wanting in the slow 
section, the effect of being classed with the subnormal or slow is disheartening to many 
earnest students. It resolves itself into efficiency versus democracy. 

This question might be solved partly by high entrance requirements. Each col- 
lege has a certain reputation on which it lives, and which forms the basis for the selection 
of that particular college. The best that the college has to offer must be = open to 
them without reserve, theirs, to stand or fall by their choice. D, €. 1. 

Is the Project Method a Contribution? M. L. Roark. Peabody J. of Educ., ize 
197-204 (1925).—The project method is discussed in five separate parts: (1) Definitions 
of the Project Method.—After quoting from many authorities, R. says: ‘In its most re- 
stricted sense a project may be defined as a problematic act, entered upon whole- 
heartedly, and carried to completion in its natural setting, with a definite purpose.”’ 
(2) Relations to Other Methods.—It is concluded that the project method is a combination 
and reorganization of many older methods into a larger unit. (3) Advantages of the 
Project Method.—It develops initiative and foresight; it promotes efficiency and makes 
for serious and sustained thinking; it leads to self direction and control; it imposes re- 
sponsibility; it may create new and desirable attitudes; it breaks the monotony of 
routine; it creates habits of inquiry and research. (4) Difficulties Attending Introduc- 
tion.—(a) It is hard to break away from tradition. (0b) More skilled and better trained 
teachers are required. (5) Validity of the Method—Arguments are given and authori- 
ties quoted for and against the validity of the method. - C. E. WHITE 

Teachers’ Marks and Intelligence. SamugL UnzickerR. J. Educ. Research, 11, 
2, 123 (March, 1925).—This is the result of a study of the grades of 425 high-school stu- 
dents who had been given the Otis form A intelligence test, and had been grouped in 
five different sections, according to their index of intelligence. The results show that 
the ratio of the number of students having a grade of 90 or above in groups 1 and 5 was 
6:1; the ratio of those above the median in the highest and lowest groups was 3:1. 
The number of failures in the lowest group was also very much higher than in the group 
having a high index of intelligence although an attempt was made to fit the course to the 
capacities of the individual groups. The relation between the subjects, mathematics, 
english and history to the index of intelligence is also shown. D, 6. E. 

When the Scientific Mind Meets Popular Prejudice. W. E. Starx. J. Educ. 
Research, 11, 2, 79-84 (March, 1925).—‘‘A single experience or a gossip-made version 
of an alleged occurrence is a revelation from Heaven, when it fits your prejudices, while 
statistics are lies to an emphatic degree, when they conflict with what you believe. We 
have profited enormously by the scientific study of education, but we need the help of 
the investigator in human nature; perhaps he can discover why they behave as they do.” 
S. discusses the necessity of making people more scientific. ‘Why not have scientific 
citizens, so that we can deal with conditions in the light of facts and not with prejudice?” 
The author believes that the time has arrived for some of our keen experimenters and 
thinkers to leave their tests and coefficients, and work to discover the form in which edu- 
cational truth can best be assimilated by the public. ‘Perhaps they can discover some 
educational method that will modify the human mind so that it will accept truth in 
preference to more palatable fiction.” pC. BE. 

The Inquiring Mind in Education. G. C. Gamsie. Peabody J. of Education, 2, 
123-7 (1924).—Research in education is severely criticised. The historical and ex- 
perimental methods are discussed. Current criticisms of educational research due to 
(1) the drawing of far reaching and hasty conclusions, (2) the misuse of statistics, (3) 
variations in terminology and (4) the undue use of technical phraseology. C.E. W, 





Dartmouth College. Leon B. Richardson, 
professor of chemistry, has just published ‘‘A 
Study of the Libera! College.” This is in the 
form of a report to President Hopkins of Dart- 
mouth; and it involves an investigation of the 


educational methods of 33 colleges and universi- 
ties in the United States, Canada, England and 
Scotland, which were visited by the author during 
the early part of 1924. 


New England Association of Chemistry 
Teachers. The ninety-third meeting of the 
N. E. A. C. T. was held at the University of 
New Hampshire, Durham, N. H., on May 2. 
Prof. G. A. Perley of the University gave an in- 
teresting paper on ‘“‘A New Sulfuric Acid Tower 
Process.” Prof. Melvin Smith, also of the 
University discussed ‘‘Research Problems at the 
University of N. H.” Prof. W. W. Obear of 
the Somerville High School presented a paper 
on ‘“‘What a Boy Likes.” This was followed by 
an inspection of the laboratories and various 
social activities. 

The next meeting will be held at Mount Her- 
mon, Mass., when the following papers will be 
presented: 

Address of Welcome—Dr. H. F. Cutler, 
Principal of Mount Hermon School. 

“Teaching a Lesson in Metallurgy’—Mr. 
Vernon G. Smith, Vermont Academy. 

“Lecture Table Experiments.” 

“The Goldschmidt Process for Silicon, an Illus- 
tration of Hydrolysis.” 

“A Simple Method of Preparing Satisfactory 
Dialyzing Membranes’<Dr. Paul Lerex, As- 
sistant Professor of Chemistry, Massachusetts 
Agricultural College. 

“Catalysis: The Oxidation of Ammonia 
Hastened by Platinum’—Mr. A. W. Phillips, 
Instructor in Chemistry, Massachusetts Agri- 
cultural College. 

“Crystal Models Showing the Arrangement of 
Atoms and What May Be Learned from Them.” 

“Adsorption of Ammonia by Charcoal and the 
Production of Liquid Ammonia’—Dr. C, A. 
Peters, Professor of Inorganic and Soil Chemis- 
try, Massachusetts Agricultural College. 

“Chemistry and Modern Medicine’—Dr. 
C. E. Bolser, Professor of Organic Chemistry, 
Dartmouth College. 

“Putting the IS into Chemistry’—Dr. Gus- 
tavus J. Esselen, Jr., Vice-President and Direc- 
tor of Research, Skinner, Sherman and Esselen, 
Inc., Boston, Massachusetts. 

Discussion, ‘Laboratory Notebooks, Forms, 
Results and Value.’’ Opened by Professor Joseph 
S. Chamberlain, Professor of Organic Chemistry, 


Massachusetts Agricultural College; and Mr. 
Elwin Damon, Keene High School, Keene, New 
Hampshire. 

Motion pictures. 

“The Story of Sulphur.” 
Bureau of Mines. 

“Beyond the Microscope.” Courtesy of the 
General Electric Company. 

Other meetings scheduled for the year are: 
Wheaton College, Norton, Mass., Nov. 14, 
Bridgeport High School, Bridgeport, Conn., 
Dec. 5. 


The Chemistry Teachers of Northeastern Ohio 
met in Cleveland, December 13, 1924. The 
committee in charge reported upon the six fol- 
lowing problems: 

1. Uniform laboratory requirements with a 
carefully organized list of demonstration ex- 
periments. 

2. Working out and carrying into operation a 
suitable testing program. 

3. Proper correlation between chemistry and 
physics. 

4. Study of the building needs with some 
recommendations for future changes in the 
chemical laboratory. 

5. What are the objectives in high-school 
chemistry with special reference to the sixty 
percent who do not go to college? 

6. What difference in subject matter should 
be made for the fast and the slow students? 
What should be the minimum course of study? 
Shall students of slow learning rate be excluded 
from chemistry? 

Each problem was discussed and committees 
appointed to make reports at later meetings. 

The spring meeting of this association was held 
in Cleveland, March 21. The following report 
of the committee for arranging a suitable testing 
program was unanimously adopted: 

1. A standardized test shall be given all 
pupils of chemistry in Northeastern Ohio who 
have completed one year of chemistry, test to be 
given two weeks before the close of school in the 
spring of 1925 

2. The name of the test shall not be made 
known in advance. 

3. Sufficient data shall be called for so that all 
studies can be based on uniform conditions. 


Rensselaer Polytechnic Institute. In accord- 
ance with its new policy of distributing its regular 
meetings among the towns in its territory, the 
Eastern New York Section of the American Chem- 
ical Society held its regular March meeting in 
Troy in coéperation with the Rensselaer Poly- 
technic Institute. Dr. Ray Jeffries, of the 
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Aluminum Company of America, addressed the 
meeting on “Aluminum.” 

Brown University. Dr. Charles A. Kraus, 
head of the Department of Chemistry of Brown 
University, addressed the April meeting of the 
Eastern New York Section of American Chemical 
Society in the Research Laboratory of the Gen- 
eral Electric Company. His topic was ‘‘The 
Amphoteric Nature of the Elements.” His 
talk was concerned with his own research work 
on liquid ammonia solutions in a field in which 
Dr. Kraus is an acknowledged authority today. 


The Nebraska Academy of Sci held its 
annual meeting for 1925 in Lincoln, May 7, 8 
and 9. The place of the Sciences in Education 
and the Worth of a Museum in Science Teaching. 
“Finding and Salvaging the Superior Student,” 
and “The Content and Scope of High-School 
Chemistry Teaching’ were of special interest 
to teachers of chemistry. 


Summer Course in Methods of Teaching High- 
School Chemistry. The course in Methods of 
Teaching Senior High School Chemistry at the 
Summer Session of the Massachusetts Institute 
of Technology will be given by Mr. Charles H. 
Stone, instructor in chemistry at the Boston 
English High School. His twenty years’ ex- 
perience in teaching secondary-school chemistry 
well qualifies him for the position of showing 
other teachers how to present the subject. 
According to the Summer Session Announce- 
ment Mr. Stone is editor of Gray, Sandifur and 
Hanna’s “Chemistry,” author of articles in the 
Journal of Chemical Education, past president of 
the New England Association of Chemistry 
Teachers, member of the Commission appointed 
by the College Entrance Examination Board 
to revise the entrance requirement in Chemistry 
and member of the Science Council for the 
Boston Intermediate Schools, Further informa- 
tion about the course may be obtained from 
Prof. E. F. Miller, Chairman Summer Session 
Committee, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


University of Utah. At the April meeting of 
the Northwestern Utah Section of the American 
Chemical Society, Dr. C. E. Maw, Professor of 
Chemistry at the Brigham Young University of 
Provo was the principal speaker. His subject 
was “The Anomalous Behavior of Sodium Sul- 
fite when Oxidized by Oxygen.” 

Princeton University. To supplement the 
work of the Department of Chemistry of Prince- 
ton University, the Chemical Club was organized 
as a student undertaking. Due to the liberality 
of the late Mr. Albert Plaut, it has been possible 
to obtain at frequent intervals speakers of 
great prominence in the chemical world, to address 
tne Club. 

The terms of Mr. Plaut’s bequest provide that: 
“The income ... shall be used under the direc- 
tion of the Department of Chemistry in the in- 
terests of the student organization known as the 





“Chemical Club,” and particularly for the benefit 
of its undergraduate members, as long as that 
Club continues in existence, and primarily to se- 
cure talks before the Club by men of distinction 
in the field of industrial chemistry or a related 
science.” Further emphasis is laid on the de- 
sirability of undergraduate participation in the 
activities of the Club. 

During the second term of the present aca- 
demic year the Chemical Club has been addressed 
by Professor P. Debye of the Technische Hoch- 
schule of Zurich, Dr. Carl Benedicks of the 
Metallographic Institute of Stockholm, and 
Professor H. S. Taylor of Princeton. 


Dr. H. C. Parmalee, editor of “Chem. and 
Met.” addressed the R. I. Section of the American 
Chemical Society on ‘‘Extending the Scientific 
and Engineering Methods into Business.” 


Florida Education Association. The 38th 
Annual Session of the Florida Education Asso- 
ciation was held in Daytona, where the following 
addtesses were given: ‘“‘You Want to Live a 
Little Longer,’’ Dr. Harvey W. Wiley, Washing- 
ton, D. C.; “The Leaf and the Laboratory, 
Dr. Townes R. Leigh, University of Florida; 
and “Chemistry and Its Relation to Other Sci- 
ences,” by the same speaker. ‘‘The Romance 
of Science, Nature’s Story of World-Building,” 
Dr. Charles Payne, Univ. of Minnesota. 

During this session the chemistry teachers of 
the State, who had not already done so, were 
urged to affiliate with the Florida Section of the 
American Chemical Society, and to subscribe to 
the Journal of Chemical Education. 


University of Florida. The Department of 
Chemistry of the University of Florida is asking 
the legislature for funds for a new building that 
will provide adequate space and equipment for 
the ever-increasing number of young men of 
Florida who are studying chemistry. This new 
building will be an excellent and much needed 
addition to the campus, and together with the 
enlarged faculty that is expected, the depart- 
ment will be in a position to give the very best 
training in all branches of chemistry. 

The graduate students in the Department of 
Chemistry are engaged in studying problems of 
local interest. It has long been known that 
Oranges are often ready to be eaten while their 
color is still green, and that certain gases have 
the property of hastening the coloring process. 
Mr. L. E. Dupont is searching for a gas that will 
bring about this coloring most efficiently and 
without causing any deleterious effects on the 
fruit, , 

Mr. J. M. Lemon is making a study of the sugar 
content of Florida cane, which is now being grown 
in some of the recovered land in the Everglades. 
His work will show how the sugar content varies 
with the age of the cane, what portions of the cane 
are richest in sugar, and at what time the maxi- 
mum yield of sugar may be expected. 

Mr. J. B, Hazard is working on some of the 
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mysteries of Everglades soil, which is really a 
form of peat. It will burn when dry, but when 
wet it will grow practically anything that is 
planted init. His work may give some indication 
of what crops might be expected to thrive best 
and give the largest returns. 

The Florida Section of the American Chemical 
Society was honored on Feb. 4, with an address 
by Dr. H. E. Howe, Editor of Industrial and 
Engineering Chemistry. Dr. Howe spoke of the 
growth, importance and many activities of the 
American Chemical Society. He also announced 
the excellent work now nearing completion on a 
new set of physico-chemical tables in English 
which will be of great value in all branches of 
chemistry. 

Mr. L. M. Drake, owner of the famous Drake 
Laboratories in Daytona, addressed the Section 
on “The Relations of the University of Florida 
to the Industries of the State.’ 

Announcement was made of an industrial re- 
search fellowship worth $1500.00 a year which 
was obtained for the University through the in- 
fluence of Mr. Drake. 


Students’ Course in the Tenth Exposition of 
Chemical Industries. The Management of the 
Tenth Exposition of Chemical Industries, which 
will this year be given during the week Septem- 
ber 28-October 3, in the Grand Central Palace, 
New York City, is again preparing a course of 
lectures by speakers of prominence to give 
students of chemistry and chemical engineering 
a perspective of the industry as a whole; to show 
those who have had only theoretical courses how 
fundamental or unit processes are carried out on 
a large scale; and to give students having some 
training in the field of industrial and chemical 
engineering the opportunity of hearing special 
subjects presented to them by experts in their 
respective fields. 

This course will be open to students who are 
endorsed either by their college professors or who 
are able to show credentials that they are study- 
ing chemistry or chemical engineering in some 
institution, or those who have completed their 
course of study, or to those who wish to refresh 
their minds upon technical details. Registration 
will begin Monday afternoon, September 28th, 
in the hall of the Exposition, Class work begins 
Tuesday morning at 9.00 o’clock and the entire 
group of students will meet for one hour during 
the morning for a lecture of general interest to all. 
The rest of the time, the classes will be divided 
into two sections, Section One will consist of 
students of chemistry who have not had the op- 
portunity of learning how unit processes are 
carried out, these students being either those who 
have taken only courses in theoretical chemistry 
or those who have not yet reached courses in 
applied chemistry or chemical engineering. Sec- 





tion Two will be comprised of advanced students 
in chemical engineering and those who have had 


sufficient training or experience to understand 
how chemical equip t is made and works. 








In outlining the course of lectures, Prof. W. T. 
Read of Yale University, who is a member of the 
Advisory Committee of the Exposition, and who 
will have charge of the Course at the Exposition, 
says that the general lectures will be given, one 
each day for four days beginning Tuesday morn- 
ing, and the outline comprises such topics as: 
“Application of Chemistry to Industry,” ‘‘Ameri- 
can Chemical Industry of Today,” ‘‘Sources of 
Information for Chemists and Engineers” and 
“Buying and Selling Products of Chemistry.” 

These lectures will have a broad general scope 
and be of value to all students. The subsequent 
lectures going into details of unit practices for 
Section One will be of a more elementary nature 
and will illustrate and confine to the simplest 
possible statement of principles involved and 
descriptions of typical apparatus. The plans 
include two lectures each day for four days upon 
these subjects and will include consideration of 
the following: 


Disintegration 
Crushing, Grinding and Pulverizing 


Mechanical Separation 

Separation of solids from solids 

Separation of solids from liquids 

Separation of solids from gases 

Filtration, grading and classifying 

Centrifugal separation, settling, thickening, 
dust collection and precipitation 

Liquids from Liquids, etc. 


Separation with Phase Change 


Evaporation, distillation, drying and the 
theory and discussion of apparatus 


Handling of Materials 
Vertical, lateral and horizontal transporta- 
tion 


Materials of Construction 
What materials to use, when, where and why. 

For Section Two, the lectures will be on special 
topics of chemical engineering of somewhat the 
same nature as presented in the course at the 
Ninth Exposition of Chemical Industries and 
following somewhat along the lines outlined above. 
The speakers will discuss their subjects for about 
twenty minutes and there will be four or five 
subjects discussed each day. They will not be 
of so technical a nature as to include all the 
mathematics of their subject, because it is as- 
sumed that students in this section have already 
had the preliminary knowledge of these subjects. 
The discussions will be presented by authorities 
in their lines and be of live, up-to-the-minute 
material, because the speakers will be selected 
from the industries and among those companies 
which are foremost in their lines. 

It is planned to have guides well acquainted 
and well informed on the subject of chemistry 
and chemical engineering, competent to discuss 
the subjects of the various exhibits for the stu- 
dents as they pass from exhibit to exhibit in their 
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tour of inspection. These tours of inspection will 
be mapped out in advance so that they will con- 
form closely with the discussion in the lectures 
which have already been heard by the students. 
The motion picture program which is always a 
feature of the Exposition will also be valuable 
and useful for these students in carrying forward 
ideas and industrial impressions which cannot be 
shown in all their details in the Exposition. 
Already three colleges have indicated that the 
students whom they send to attend this course 
of lectures will be given credit for the work con- 
ducted here and the credit marks which they will 
receive and which will be based upon the final 
examination by those in charge of the course will 
be accepted by these colleges. It is expected that 
several other colleges and universities will give 
similar credit for work done at the Exposition. 


An “Open House” at Vanderbilt University. 
More than 2500 people—citizens of Nashville 
and towns within a radius of fifty miles—accepted 
the hospitality of the Chemistry Department of 
Vanderbilt University on the evening of April Ist, 
in the second annual ‘‘Open House” exhibition 
that has been arranged in that institution. ‘The 
invitation had been extended through the news- 
papers, by announcements in the civic clubs, 
through a personal appearance before the legisla- 
ture then in session, and by the familiar ‘‘a- 
friend-tells-a-friend’’ method of passing on the 
news. The most competent students, graduate 
and undergraduate, had been selected to instruct 
the non-chemical but inquisitive citizen as he 
passed, and every demonstration was planned to 
stimulate questioning and awaken interest 
through curiosity in chemical happenings. 

Much use was made of the miniature chemical 
plant in actual operation. In the general chem- 
istry laboratories, the processes of manufacturing 
nitric acid, sulfuric acid and various important 
salts were being carried on in efficient apparatus. 
The evolution of artificial light, from the ancient 
pine knot to the modern gas mantle and modern 
Mazda lamp was displayed in steps. Tests for 
the detection of colors in foods and beverages, the 
detection of adulterants in household articles of 
food or clothing, the various spectacular dis- 
plays of colored fires, artificial fountains, metallic 
vegetation, etc., were carried on continuously for 
the benefit of the bystanders. A volcano erupted 
every twenty minutes, sometimes oftener. For- 
tunes were told by the HF and the H3S methods, 
and the latest shades in secret inks were displayed. 
A strong stream of water came apparently out 
of a small wireless antenna, ‘‘by wireless from 
Niagara,” the attendant explained. Water fau- 
cets, both hot and cold, burned with vigorous 
flames to the complete mystification of all who 
were not exceedingly observant. Flasks of clear 


water turned to ink in an instant ‘‘right before 
your very eyes,” while a demonstrator stood 
many yards away. 

In the Organic Section, numerous preparations 
were going on, and several rare chemicals were on 


exhibition. A large assortment of American- 
made dyes was accompanied by samples of the 
shades that they produce. The chemistry of the 
household was especially emphasized in this sec- 
tion, and many a housewife was interested to find 
the familiar contents of the kitchen cabinet dis- 
played on the laboratory shelves. 

In Physical Chemistry, the ‘‘singing jellies’’ 
attracted the attention of musicians, while a most 
spectacular display of Geissler bulbs fascinated 
the artists. Radium and its ‘shooting stars” 
were seen for the first time by countless intelligent 
and educated citizens. The arrangement of 
atoms and molecules was explained and illus- 
trated by models to all who would nod their 
heads in understanding. 

In the Industrial Chemical Section a miniature 
Muscle Shoals was set out in the form of a flow 
sheet, with actual products in view. An exten- 
sive exhibit of micro-photographs was shown in 
the metallographic room. A _ splendid assort- 
ment of gas mantles in all stages of manufacture, 
a display of new silica ware with “‘the light that 
goes round a corner,” and a glass-blowing labora- 
tory presided over by a skillful wizard were 
viewed at all times by an interested crowd. In 
the electrical laboratory, the display of measur- 
ing and rectifying instruments, of motors and 
coils, was essentially a complete exhibit of the 
liaison between physics and chemistry in the 
active service of mankind. 

There were countless practical jokes hidden all 
over the building, but all were of a perfectly 
harmless nature—remember, it was April the 
first. There was much comment on the skillful 
and effective labeling of all rooms, exhibits, proc- 
esses and spots of special importance in a set-up 
of apparatus that might otherwise leave only an im- 
pression of bewilderment in the mind of a layman. 


Denver Curriculum Studies. In Denver, 
about 40 subject matter committees, composed 
largely of classroom teachers, have been appointed 
to revise the course of study. Many experts are 
being called in to make their contributions in 
special fields. E. Waite Elder, of East High 
School, is Chairman of the Science Committee. 
This Committee has recommended that biology 
be taught in the ninth grade, the last grade of the 
Junior High School, chemistry in the 10th grade 
and physics in the eleventh; that additional ad- 
vanced courses in these subjects be offered as 
electives in the 12th grade. At present biology 
is being given in the 10th, physics in the 11th and 
chemistry in the 12th. 


Massachusetts Institute of Technology. Un- 
der the auspices of the Northeastern Section 
of the American Chemical Society and the Boston 
Section of the American Society of Mechanical 
Engineers, National Oil and Power Week was 
observed at the Massachusetts Institute of 
Technology on Friday evening, April 24, Other 
meetings had been held earlier in the week at 
Lowell, Worcester, Gardner, and East Cambridge. 

All of the leading scientific and engineering 
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organizations of the country, of which the A. C. S. 
is the largest, have participated in the effort to 
make the meetings held all over the country 
focus attention on the ever-increasing demand 
for petroleum products for power and heating 
purposes, the present prodigiously wasteful 
methods in its production, transportation and 
use, and to consider means for conservation of 
this material, which is seemingly essential to our 
modern life. 

So important has this conservation problem 
become that President Coolidge has appointed a 
Federal Oil Conservation Board which, with the 
help of the United States Geological Survey, is 
now studying the problem of oil conservation. 
This is a serious government problem, since no 
nation can be successful in the handling of present- 
day war fighting weapons, the airship, aeroplane, 
warship, and automobile, whose supply of pe- 
troleum products is limited. 

At the Technology meeting, Professor John F. 
Ward of M. I. T. presided and the speakers were 
(1) Dr. Warren K. Lewis, Head of the Depart- 
ment of Chemistry, M. I. T., who spoke on 
“Petroleam—A Raw Material’; (2) Mr. Otto 
Nonnenbruch, Asst. Chief Engineer, Worthing- 
ton Pump and Machinery Co. discussed ‘The 
Diesel Engine in Power Generation’’; (3) Mr. H. 
Howard Smith, of the Boston Consolidated Gas 
Company, took up the subject of ‘‘Gas—the 
Ultimate Fuel’; and (4) Professor R. T. Haslam, 
Director of a New Course in Fuel Oil Engineering, 
discussed ‘Oil as a Domestic Fuel.” 

It is regretted that a full account of these four 
addresses are beyond the scope of this report. 
A summary of a few facts brought out by the 
speakers may be obtained by writing S. W. Hoyt, 
Mechanic Arts High School, Boston, Mass. 


Chemistry Teachers of Kentucky Organize. 
“At the suggestion of Dr. R. N. Maxson, professor 
of inorganic chemistry at the University of Ken- 
lucky, teachers of chemistry from various colleges, 
high schools and secondary schools in the state 
met at the Seelbach Hotel in Louisville April 23 
and organized the Kentucky Association of Chem- 
istry Teachers. 

The organization of such state teachers as- 
sociations is a part of the program of the recently 
created Division of Chemical Education of the 
American Chemical Society. The general aims 
of these organizations are to promote efficiency in 
the teaching of chemistry, to keep the teachers 
at the frontier of chemical education and research, 
and to assist in the national essay contest which 
is conducted every year by the society. 

A constitution was drawn and adopted and the 
following officers were elected: 

Miss Marie Borries, head of chemistry depart- 
ment, Louisville Girls High School, president; 
Prof. V. F. Payne, head of chemistry department, 
Transylvania College, Lexington, vice-president; 
J. C. Branham, associate headmaster, Massie 
School, Versailles, secretary and treasurer. 





Miss Minnie T. Cramer, head of the chemistry 
department of Lexington High School, and Ray 
Ross, of the Owensboro High School, were elected 
to serve with the officers as an executive committee, 

The next meeting of the association will be 
held at the University of Kentucky in the autumn, 
at which a program of interest to every chemistry 
teacher in the state will be presented.” 


National Colloid Symposium. The third 
National Colloid Symposium managed by the 
Colloid Committee, National Research Council 
will be held at the University of Minnesota, June 
17, 18, 19, 1925. The following program will be 
given: ; 

1. ‘Molecular Weight and Solution,” W. D. 
Bancroft, Cornell University. 

2. ‘Some New Aspects of the Surface Tension 
of Colloidal Solutions Which Have Led to the 
Determination of Molecul Di ions,”” Le 
comte du Nuoy, Rockefeller Institute for Medical 
Research. 

3. “The Orientation and Distribution of 
Molecules,” Irving Langmuir, General Electric 
Company. 

4. “Photographic Sensitivity,”” S. E. Shep- 
pard, Eastman Kodak Company. 

5. ‘Adsorption,’ Herbert Freundlich. 

6. “Catalysis by Metallized Silica Gels,” 
L. H. Ryerson, University of Minnesota. 

7. “Colloidal Water and Ice,” Howard T. 
Barnes, McGill University. 

8. “Colloid Chemistry of Rennet Coagula- 
tion,” L. S. Palmer, University of Minnesota. 

9. “The Viscosity of Protoplasm,” L. V. 
Heilbrunn, University of Michigan. 

10. ‘Antigenic Properties of Bacterial Toxins 
Neutralized by Surface Tension Depressants,” 
W. P. Larson, R. S. Evans, H. O. Halverson, Uni- 
versity of Minnesota Medical School. 

1l. ‘‘Physico-Chemical Studies on Blood 
Coagulation,” I. N. Kugelmaas, Yale University 
Medical School. 

12. ‘The Effect of Anions on the Colloidal and 
Chemical Properties of Aluminum Hydroxide,’ 
Lewis B. Miller, U. S. Public Health Service. 

13. ‘The Nature of Soil Colloids,’ Philip L. 
Gile, U. S. Bureau of Soils, Washington, D. C. 

14. “The Colloid Chemistry of Soils,” E. 
Truog, University of Wisconsin. 

15. “Soil Water,” F. J. Alway, Division of 
Soils, University of Minnesota. 

16. “Colloids in Geology,” 
University of Wisconsin. 

17. “Lithopones,” C, A, Mann, University of 
Minnesota. 

18. “The Plasticity Problems of Rubber,” 
W. J. Kelly Goodyear Rubber Co, 

19. “An Experimental Study of Emulsifica- 
tion on the Basis of Distribution of Size of 
Particles,’ Alfred J. Stamm, University of Wis- 
consin. 

20. ‘The Centrifugal Method for Determin- 
ation of the Distribution of Size of Particles in 





W. J. Mead, 
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Colloidal Solutions,’’ J. B. Nichols, University of 
Wisconsin. 

21. ‘The Motion Picture Machine as an Aid 
to Colloid Research Demonstrations,” E. O. 
Kraemer, University of Wisconsin; W. G. France, 
Ohio State University; W. J. Kelly, Goodyear 
Tire and Rubber Co. 

22. ‘The Colloid Chemistry of Soap,” Wm. 
Seifriz, University of Pennsylvania. 


Ohio Chemistry Teachers Organized. On 
April 3rd the chemistry teachers of Ohio were 
organized for their mutual benefit. An excellent 
program for the day at Columbus was enjoyed 
by a very gratifying number of teachers. In 
fact, this was the first annual meeting of the Ohio 
Chemistry Teachers Association. There are 
about 180 members (high school and college 
teachers) and it is hoped to pass the 200 mark 
before the end of the summer. 

A temporary committee with Harry N. Holmes 
of Oberlin College as chairman divided Ohio 
into districts and made a drive for members. 
Follow-up letters were necessary of course. 
Membership was held to consist in paying $2.00 
for Tu1s JournaL. At the first annual meeting 
a permanent committee was elected to carry on 
the work. ‘The committee will later be enlarged 
to twenty. The Committee consists of: Robert 
W. Collins, Chairman, East High School, Colum- 
bus; R. W. Edmiston, 222 S. Baxter St., Lima; 
C. H. Schafer, Hughes High School, Cincinnati; 
V. S. Culp, West High School, Akron; Miss J. C. 
Bennett, East High School, Cleveland; B. E. 
Francisco, Scott High School, Toledo; L. K. 
Replogle, Roosevelt High School, Dayton; 
C. W. Fretz, McKinley High School, 507 Fulton 
Road, N. W., Canton; E. C. Hytree, Ohio Wes- 
leyan University, Delaware; Prof. DeVore, 
Hamilton High School, Hamilton; W. E. Massie, 
Portsmouth High School, Portsmouth; C. E. 
Fleming, Sandusky High School, Sandusky; 
C. S. Adams, Antioch College, Yellow Springs; 
Guy Foster, South High School, Youngstown; 
Wm. McPherson, Ohio State University, Colum- 
bus; J. R. Withrow, Ohio State University, 
Columbus; Harry L. Fisher, Goodrich Rubber 
Co,., Akron; Harry N. Holmes, Oberlin College, 
Oberlin. 

Among the things that this state organization 
plans to do are the following: 

1, Get the JournaL oF CHEMICAL EDUCATION 
into the hands of every teacher. 

2. Build up an esprit de corps among Ohio’s 
teachers; make Ohio lead all the states. 

3. Get high-school and college pupils inter- 
ested in Mr. Garvan’s prize essay contest. 

4. Get that set of five chemistry books at 
$2.50 from Alexander Williams, 67 Wall Street, 
New York City, and put it on exhibition as a bait 
to persuade pupils and the outside public to buy 
the set. This is our duty to the American public. 

5. Supply chemistry speakers for Rotary 
clubs, business clubs, men’s church clubs. 


6. Bring the pressure of a large state organiza- 
tion on school boards to secure for high-school 
chemistry teachers better equipment and some 
allowance of teaching time for a little self- 
improvement in chemistry. 


University of South Dakota. Dr. F. B. Dains, 
Professor of Chemistry at the University of 
Kansas gave a series of three talks on the De- 
velopment of Chemistry before the South Dakota 
Academy of Sci at Vermilion, S. D., May 
Ist and 2nd. ‘These lectures were supplemented 
by a remarkable set of lantern slides illustrating 
unusual facts of interest in the development of the 
history of Chemistry. 


University of Florida. The Florida Section of 
the A. C. S. met at the University of Florida 
May 2nd. An address was made by Prof. H. L. 
Shiver, of Rollins College on the ‘‘Use of Hop- 
calite in the Preferential Oxidation of Carbon 
Monoxide,”’ and Mr. H. H. Buckman, chemical 
engineer of Jacksonville spoke on the topic, 
“Chemists and the Future.”” The Florida Section 
elected the following officers for the coming year: 
Dr. R. W. Ruprecht, Chief Chemist, Experiment 
Station, President; Prof. H. L. Shiver, Rollins 
College, Ist V. P.; Miss Nelle Morris, Chemist, 
State Road Department, 2nd V. P.; Dr. F. H. 
Heath, Univ. of Fla., Secretary and Treasurer; 
Dr. W. J. Husa, Univ. of Fla., Councilor. 


The Pennsylvania State College. The Penn- 
sylvania State College has set aside two days— 
one each semester, which are termed ‘“Scholar- 
ship Days.’”’ The students are excused for two 
hours and a program is held in the college audi- 
torium—where scholarship is given recognition 
by students and faculty. Scholarships, prizes 
and medals are awarded at this time, the can- 
didates having been chosen prior to the exercises. 
Announcements of elections to honor societies 
are made by representatives of these societies. 
Loving cups are presented to the national and 
local fraternity having the highest scholastic 
standing. The same is true for the girl’s clubs. 
A medal is awarded to the student whose average 
for the preceding term is the highest in the college. 

As the names of the individuals are read, they 
stand, so that bers of the audi can see 
them, or they step forward to the platform where 
they receive their awards. 

A prominent speaker is secured to deliver 
the Scholarship Day address. On April 22, 
Dr. James F. Norris, President of the American 
Chemical Society, gave the address which was 
entitled, “Scholarship and Research.” 


New England Association of Chemistry 
Teachers. The Ninety-Third Meeting of the 
New England Association of Chemistry Teachers 
(third meeting of the Northern Division) was 
held at the University of New Hampshire, Dur- 
ham, N. H., on May 2. 

At 10 a.m., President Johnson introduced 
Professor Charles James, Head of the Department 
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of Chemistry at the University of New Hamp- 
shire, who welcomed the Association and friends 
to the University. Professor George A. Perley 
showed a laboratory model for a new sulphuric acid 
tower process and explained the same. Professor 
Melvin M. Smith called attention to research 
problems at the University after which the vari- 
ous laboratories were visited and the problems 
explained by the men in charge. 

Mr. Charles H. Stone of the Boston English 
High School showed a number of lecture ex- 
periments designed to emphasize the general 
principles of chemistry. Mr. W. W. Obear of 
the Somerville, Mass., High School spoke on 
“What a Boy Likes’’ illustrating his talk with 
experiments to show how closely related chemis- 
try is to every-day life. 

After lunch the business meeting was held at 
which Mr. Wilhelm Segerblom of the Phillips 
Exeter Academy told of the Baltimore meeting 
of the American Chemical Society and urged 
those interested in the teaching of Chemistry 
to subscribe to the JouRNAL OF CHEMICAL Epuca- 
TION. The Secretary called attention to the sum- 
mer session of the Massachusetts Institute of 
Technology from July 6th to 31st at which 
special courses in. methods of teaching the 
Sciences and Mathematics are to be given for 
teachers. 

Dr. Edward R, Berry of the Thomson Research 
Laboratory of the General Electric Company 
spoke on ‘Manufacture and Uses of Clear 
Fused Quartz” and illustrated his talk with many 
experiments. 

In closing, the University entertained the As- 
sociation and friends with a baseball game be- 
tween the University and Tufts College. 





University of Kentucky. Mr. Joseph Kastle 
Roberts will graduate from the University of 
Kentucky with the degree of B.S. in Industrial 
Chemistry. He will leave following graduation 
for Boston where he will be Research Assistant 
in the Research Laboratory of Applied Chemistry, 
Massachusetts Institute of Technology. 

Prof. George F. Weida of Center College, re- 
cently addressed the Lexington Section of the 
American Chemical Society. The title of his 
paper was, “The Place of Theory in the Ele- 
mentary Course in Chemistry.” 

Northeastern Section of the A. C. S. At the 
202nd meeting of the Northeastern Section of the 
American Chemical Society held at the Evans 
Memorial Hospital, Boston, on April 10, 1925, a 
short symposium on Fused Quartz and Ultra- 
violet Light was held. The speakers were Dr. 
Allan Winter Rowe of the Evans Memorial 
Hospital, Dr. Edward R. Berry of the Thompson 
Research Laboratory of the General Electric 
Company, Lynn, Massachusetts, and Dr. William 
T. Bovie of the Biophysical Laboratory, Harvard 
University. 

The large assembly hall was filled to capacity 
on account of the rare opportunity afforded the 


members to get first-hand information from these 
three authorities. 

The story of ‘““The Development and Manu- 
facture of Fused Quartz for Optical Purposes 
and for Physical Laboratory’’ was told by Dr 
Berry, through whose researches transparent 
quartz is now a commercial possibility. Dr. 
Bovie told of his experiments at Bowdoin College 
last summer upon the effect of sunlight on the 
growth of animals. Dr. Bovie’s original work 
in Biophysical Research. as a member of the Can- 
cer Commission and his successful experience as an 
inspiring teacher in the Harvard Medical School 
sufficiently qualifies him to speak upon his chosen 
subject, ‘‘Ultraviolet Light and Its Importance 
in Both Chemistry and Medicine.”’ 

The fact that quartz passes the ultraviolet 
waves with practically no absorption makes it 
suitable for water sterilizers, for rods for intro- 
ducing these short wave lengths, which have 
germicidal effect, into the body. It has also been 
proposed to use quartz sheets instead of glass 
for sunrooms of hospitals in the treatment of * 
rickets and other diseases. Sunlight is much 
more effective if not passed through glass which 
cut off the ultraviolet wave lengths. Dr. Bovie’s 
work last summer upon the chickens showed the 
value of this application of quartz to the treat- 
ment of diseases 


University of Wisconsin. Fellowships and 
Scholarships announced for the year 1925-1926 
in the Department of Chemistry are: du Pont 
Fellowship—James K. Hunt, Florence, Alabama; 
University Fellowship, W. H. Hartung, Welcome, 
Minnesota; Scholarships, Ellery H. Harvey, 
Williamsport, Pennsylvania; and P. L. Conn, 
Milton, Wisconsin. 


Stanford University. Dr. Alexander Findlay, 
Professor of Chemistry in the University of 
Aberdeen, who is now lecturing at Stanford 
University, gave a lecture on May 1 before the 
California Section of the A. C. S. His subject 
was “The Appeal of Science to the Community.”’ 


New Chemical Pr at Berlin, New 
Hampshire. The News-Letter of the New 
Hampshire Academy of Science is authority for 
the statement that: ‘‘Various members of the 
Academy employed by the Brown Company in 
Berlin have been instrumental in working out 
several new processes and products during the 
past few months. Large scale production of 
liquid chlorine, a new variety of pulp suitable 
for use in cellulose esters and fine papers, a 
C. P. grade of carbon tetrachloride, and calcium 
arsenate are among the more important.” 


Chemistry Exhibits. At the Baltimore meeting 
of the American Chemical Society there was 
exhibited in the hall of the Chemistry Building 
of Johns Hopkins University in connection with 
the meetings of the Division of Chemical Educa- 
tion a series of High-School Chemistry Posters. 
These were large cardboard charts containing 
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samples of raw materials used in the laboratory 
preparation of certain chemical compounds, 
samples of the finished products, and neat, 
legible, descriptive labels explaining the proc- 
esses. Further information on the preparation 
of such exhibits may be obtained by addressing 
Sister Denise, Notre Dame College, Baltimore, 
Maryland. 

Langley Association of Science Teachers. 
The spring meeting of the Langley Association of 
Science Teachers was held April 24 and 25, in Pitts- 
burgh, Pa. On April 24 a public address was 
given at Carnegie Institute on ‘Visions and 
Dreams of a Scientific Man,’”’ by Paul R. Heyl, 
Bureau of Standards, Washington, D. C. 

On April 25, a meeting was held at Schenley 


High School where Dr. L. P. Sieg, Head of De- 
partment of Physics and Dean of College, Uni- 
versity of Pittsburgh, spoke on ‘“‘High-School 
Science as the College Ought to See It.” 

The last address was given by Dr. Mary B. 
Breed, Director of Margaret Morrison Carnegie 
College on ‘‘Making a Living from the Biological 
Science.” 

Cornell University. Herbert Freundlich, Asst. 
Director of Kaiser Wilhelm Institute in Berlin 
and author of ‘‘Kapillarchemie” and an inter- 
national authority on Colloid Chemistry lec- 
tured on ‘‘State of Aggregation and Form of 
Colloidal Particles,” on Wednesday, May 13, 
at the Baker Laboratory of Chemistry, Cornell 
University. 


Recent Books 


A Laboratory Course in Chemistry. A Labora- 
tory Course in Chemistry, 2nd edit. written 
by Guy CuinTon, ExizasetH I. GaTcH AND 
Wuuu1am A. Situ, Central High School, 
Washington, D. C. Copyrighted Section I, 
1922-24, Section II, 1923. Preface IV pp., 
introduction II pages + 139 pp. 35 illus- 
trations. Size of pages 12!/2 cm. X 20!/2 
cm, Price not stated. 

This course, published in two sections, is a 
printed form of mimeograph copies of lessons 
used for several years in the Central High School, 
Washington, D. C. The authors are empha- 
sizing the essential step ‘‘experience’”’ in the ex- 
periments, not being content with one illustra- 
tion of a principle but rather following the Mc- 
Farland scheme of teaching chemical principles 
and reasoning by several illustrations of each. 
The usual array of preliminary directions appear. 
It is chaptered but experiment numbers are con- 
secutive as many as five or six toachapter. The 
content is large for an ordinary high-school 
student carrying chemistry only one year. How- 
ever this allows the principle of selction to be 
applied by the individual teacher. Sections I 
and II offer an abridged text of non-metallic 
chemistry. Metallic experiments are lacking. 

Chapters X and XIII offer breaks from the tra- 
ditional laboratory manual, being devoted to 
problems and study of valences. The authors 
have appropriated the term “microcrith” with a 
slight change of meaning. An index of experi- 
ments would aid materially in finding desired 
experiments as no special order of material ap- 
pears to have been followed. The authors fail 
to use the G. M. V. in problems involving weight 
and volume. Directions are copious which would 
tend to divert student’s attention from the point 
of experiment. 

Lgsuiz O. JOHNSON 
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Physical Ch 
ALEXANDER FINDLAY. 
Green&Co. 1924. 
As stated by the author in the preface, the 

treatment in this book ‘‘is based on the course of 

medical physical chemistry pursued by medical 
students in the University of Aberdeen.” Its 
general scope is indicated by the statement that 

“those parts of physical chemistry which have 

found important applications in the medical 

sciences are discussed in an elementary manner.” 

Previous books by this author would lead a reader 

to expect substantial subject matter in all his 

works, and the present volume is not an exception, 
in spite of the fact that he refers to his discussion 
as “‘elementary.’’ In thoroughness of treatment 
of the topics included, the book compares well with 
books with more pretentious titles and prefaces. 

The work is unique on account of the subject 
matter omitted as well as that included. Such 
topics as the solvent action of water, surface 
tension, viscosity, osmotic pressure, the ionic 
theory, chemical equilibrium, catalysis, and the 
colloidal state are discussed in a very satisfactory 
way. On the other hand, the book is notable 
as a modern textbook on physical chemistry in 
that no mention is made of such subjects as atomic 
structure, polar and non-polar molecules, thermo- 
dynamics, radioactivity, and so forth. Evi- 
dently, Professor Findlay considers these later 
topics impractical—at least as far as medicine is 
concerned. 

Use of the calculus has been avoided. Only 
one differential expression has been noted by the 
reviewer, and that occurs in a footnote. On the 
other hand, the treatment is by no means mathe- 
matics-free, for the book contains a large number 
of calculations and problems to illustrate theories 
discussed. 

The distinctive feature of the work is the abun- 


istry for Students of Medicine. 
227 pages. Longmans, 
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dant applications of physical chemistry to 
physiological processes. The reader is strongly 
impressed with the array cited, and feels that the 
author has proved his claim that it is “imperative 
for the student of medicine to acquire some 
knowledge of that branch (i. e., physical) of 
chemistry.’”’ The style of the book is good, the 
subject matter is well organized, and the treat- 
ment is clear and logical. Perhaps a more of less 
excusable lapse is the use of the old theory of 
primary electrolysis to explain the electrolytic 
decomposition of sodium sulfate solution (page 
69). The book will be cordially received by 
physiologists and medical men who desire a con- 
venient and clear discussion of physico-physio- 
logical chemistry. J. H. REgpy 


Chemistry for Boys and Girls. Cariorra C. 
GREER AND J. Cora BENNETY. Allyn and 
Bacon. 1925. $1.80. Pages III-XVII; 
1-776; 1-68. 12.7 X 18.4cm. Figures, 159. 


This volume is a chemistry for pupils in high 
schools. It is unique in several respects. 

It is readable even by the pupils for whom it is 
intended. It not only recognizes the language 
limitations of senior high-school boys and girls 
but shows an appreciation of their interests as well. 

An early chapter has the caption ‘‘Metals and 
Their Rusts.’”’ This is one of several instances 
in which it breaks with the traditional order of 
development. 

Formal use & formulas and equations is not 
undertaken until the pupil has had a semester’s 
experience in the subject. Formulas and equa- 
tions are, to most high-school students, a new and 
often a rather mysterious way of expressing chem- 
ical knowledge. This text permits the pupil 
to gain some of this knowledge before requiring 
such symbolic expression. 

The laboratory experiments are incorporated 
with the material of the text. Authors, here-to- 
fore, have not been successful in this method of 
coérdinating laboratory and class work. Too 
often the discussion before and after the ex- 
periment has taken all the pith out of the prob- 
lem. In the book under review, the experiments 
have been selected with such care and the re- 
quirements so worded that this objection has 
been, in a large measure, met. The superior 
student’s needs are cared for by extra experi- 
ments of a more abstract and quantitative char- 
acter placed in an appendix. 

The chapter treatment is inductive starting 
from pupil experiences and pupil performed ex- 
periments. The logical relationships of concepts 
and principles are emphasized by a logical sum- 
mary at the close of each chapter. Further ap- 
plications and enrichment of the subject is en- 
couraged by especially well selected exercises 
at the close of each chapter, 

The book could be improved by breaking up 
the present content into shorter chapters. The 
treatment of oxidation and reduction is rather 
out of date. The appendix list of experiments 


does not include much help for the first half of 
the year’s work. The binding is going to be 
sorely tried by the eight hundred pages of a book 
intended for the double use of class-study and 
laboratory. B. Cuirrorp HENDRICKS 


A Test of High-School Chemistry, Henry 
LestER Gerry. Harvard University Bulle- 
tins of Education, Graduate School of Harvard 
University, No. IX. Published by Harvard 
University, 1924. 82 pp. 


This monograph describes the method used by 
the author in the selection of the items for his 
test of high-school chemistry and the methods 
used in its evaluation and standardization. 

The first basis for selection of the original test 
items was an analysis of all the College Entrance 
Examination Board questions in chemistry used 
from 1911 to 1920. About 70 questions were 
obtained from this source. In order to extend 
the range of difficulty the number was supple- 
mented by questions from other sources some of 
which were very easy and some very difficult. 
To assure certainty that the questions concerned 
topics that are usually taught and that the most 
important topics of the course were represented 
in the test each question was checked by four 
textbooks. Two types of questions were used: 
multiple choice and completion. The prelimi- 
nary test was arranged in two forms. Form A 
consisted of 49 items and Form B of 47 items. 
Each form was administered near the close of the 
school year of 1920-21 to more than 600 students 
who had studied chemistry throughout the year 
under fairly uniform conditions. A median score 
of 13 of fhe nearly 50 items of each form, and the 
fact that more than 20 items of each form were 
answered correctly by 15 per cent or less of the 
experimental group indicated that the prelimi- 
nary forms contained an over supply of difficult 
tasks. 

Questions for the final forms were selected from 
those used in the preliminary forms. Some ques- 
tions were eliminated that were apparently un- 
suited to the purpose of a standardized examina- 
tion on account of difficulty. A statistical de- 
vice was used to select from those of equivalent 
difficulty those best suited for testing purposes. 
Successes with questions of equivalent difficulty 
were compared with successes with easier ones. 
If the pupils answering one question of given diffi- 
culty show a larger percentage of successes with 
all easier items than those answering another 
item of the same difficulty then the former is 
rated as more satisfactory. Selection was made 
on the basis of comparative success with easier 
questions at intervals of 0.5 P. E. 

The final test contained 25 questions in each 
form, The standard score on Form A was de- 
rived from the scores of 1545 students; for Form 
B from 1339 students. On Form A two students 
made zero scores and none made a perfect score; 
on Form B one student made zero score and none 
made a perfect score. The range of difficulty 
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of each form is, therefore, sufficiently wide. The 
median on Form A after a year of instruction is 
10.6; sigma 4.1. The median for Form B is 
11.6; sigma 4.4. For the half year the medians 
(from a smaller number of cases) are 8.5 and 7.4. 
The correlation between scores on Form A and 
Form B is 0.76 + 0.008. The probable error 
of estimate of Form A is 1.8 and of Form B is 1.9. 
Almost exactly the same amount of time was 
found to be required for the administration of 
each form. The median time requirement for 
Form A is 32.5 minutes, sigma 11.5. This means 
that approximately 85 per cent of the experi- 
mental group were able to complete the test in 
44 minutes. 

Test scores made by pupils in a few schools 
were compared with teachers’ marks for these 
same pupils and with marks which they obtained 
from the College Entrance Examination Board. 
The correlation factors show that the test results 
agree with the criteria as well as the criteria agree 


between themselves. The data show that ‘‘(1) 
in 50 per cent of the cases the tests determine in 
90 minutes (using both forms) a score within four 
points, on a percentile scale, of what the teacher 
had assigned after nine months of acquaintance; 
(2) in 50 per cent of the cases, the College En- 
trance Examination Board’s marks estimated 
from the sum of the scores on Forms A and B 
were *within 7.6 points of the College Board 
marks actually received; and (3) in 50 per cent 
of the cases, the College Board marks, estimated 
from the teachers’ marks were within 7.7 points 
of the College Board marks received. These 
data indicate that the test results were a better 
prediction of College Board marks than were the 
teachers’ estimates.” 

The monograph reports the results of a careful 
piece of work. The author makes a strong case 
for the use of tests like his for supplementary 
measures of the results of instruction in high- 
school chemistry. S. R. Powers 


Answer to April Cross Word Puzzle 

















24 

















> 





RNY 














mIiM |> |= 19 NS Im [po 
™m 





























22 





X19 














Q*m [0 











vo |S [- |m 











maiz |S 





69 
T S 
73 74 
S BiA 














© IM }d* 











~ 
~i™ Im NSN THF 




















